Sunday Afternoon, October 29, 2017

Biomaterials Plenary Session
Room 22 - Session BP-SuA

Plenary - Engineering a Paradigm Shift in Control of
Microbes and Fouling: In Honor of Michael Grunze's 70th
Birthday

Moderator: Axel Rosenhahn, Ruhr-University Bochum

3:00pm BP-SuA-1 Non-toxic Surfaces which Prevent Biofouling:Quo
Vadis?, Michael Grunze, Karlsruhe Institute of Technology (KIT), Germany

INVITED
Biofouling, i.e. the settlement and colonization of bacteria and spores on
surfaces is a major economic and environmental problem. Besides the
obvious problems which biofouling causes in the clinical environment,
biofouling is a serious problem also in food processing, aquacultures,
shipping, underwater structures and ship hulls, heat exchangers, and
buildings in tropical environments. The common—but environmentally
extremely problematic—way to deal with biofouling is to incorporate heavy
metals and/or biocides to kill the colonizing organisms. Hence, there is an
urgent need to develop environmental benign stable and long lasting
coatings to prevent biofouling.

The biofouling environment consists of multiple and often cooperatively
interacting species of various sizes. Significant differences in the initial
settlement behavior of bacteria, spores, larvae, and diatoms are observed
on different chemical surface compositions, but the continuous deposition
of dissolved macromolecules and polymers on “inert chemistries” leads to
a “conditioning film” which soon renders any chemical modification of the
surface ineffective. Topographic structures on surfaces change the
macroscopic properties such as their wetting behavior, but also have a
pronounced effect on how single cells and organisms attach, settle, and
proliferate on the substrate. Both the enhancement of settlement, such as
in cell cultures, but also the suppression of settlement can be the outcome
of surface structuring. Promising are slippery liquid-infused porous surfaces
(SLIPSs) which have been reported for their remarkable initial antifouling
properties. However, their long-term stability against fouling is
compromised by unavoidable defects in the SLIPS surface, and the slow
deposition of a conditioning film.

In this presentation, | discuss if present research and development
approaches are successful in creating lasting non-toxic non-fouling coatings
for artificial surfaces. | will outline the different concepts to fouling
prevention, and the challenges and technical difficulties encountered to
realize long term stability and efficiency against fouling.

3:40pm BP-SuA-3 Engineering Serendipity: High-throughput Discovery of
Materials that Resist Bacterial Attachment, Morgan Alexander, The
University of Nottingham, UK INVITED
Tackling medical device centred infection is an important part of meeting
the global challenge of antimicrobial resistance. We focus on materials that
resist bacterial attachment and biofilm formation rather than kill the cells,
since it is anticipated that the selective pressure to develop antimicrobial
resistance will be lower. High throughput screening has been used to
discover a novel class of polymers with resistance to bacterial attachment
and subsequent biofilm formation. [Hook et al. Nat.Biotech. 2012,
Adv.Mats. 2013] In order to rationally design devices for medical
application and others where biofilm formation is a challenge, we are
developing a fundamental understanding of the processes involved in the
interaction of bacterial cells with our lead materials.

Physicochemical descriptions of the surfaces have been found insufficient
to predict bacterial attachment across diverse chemistries included in large
polymer libraries, and therefore cannot offer an explanation of the
controlling phenomena. Whilst perhaps disappointing for the physical
sciences, the life sciences are replete with information on how bacteria
respond to their local environment, with motility being one of the most
readily observed processes. Microorganisms cannot be approximated to
inert objects as they possess surface responsive appendages such as
flagella, which enable them to swim, pili that confer twitching motility and
fimbriae that mediate surface attachment. These in turn are coupled to
sophisticated signal transduction mechanisms that facilitate integration of
multiple local environmental parameters at both single cell and population
levels. Many of these sensory systems are postulated to contribute to
surface sensing.

We believe that bacterial decision-making is key to determining whether a
surface is colonised or not-specifically in the early stages of bacterial-
surface interactions preceding biofilm formation. | will present results from
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our optical microscopy investigations of how individual bacterial cells
respond to surfaces using a novel microscope that collects temporal 3D
information on cell position and surface tracking simultaneously achieved
using DIC, TIRF and TIR microscopy. | will combine this information with our
early efforts to characterise bacterial footprints and compare with
literature for P. aeruginosa where the exopolysaccharide Psl guides surface
exploration [Zhao et al Nature 2013]. Elucidation of the sensory pathways
by which bacteria decide not to form biofilms on some surfaces is expected
to have wide ranging impact in all areas where biofilms form.

4:20pm BP-SuA-5 Say ‘No’ to Biofouling: Slippery Coatings that Resist
Adhesion of Biological Matter, Joanna Aizenberg, Harvard University

INVITED
Living organisms and biological substances are among the most difficult
and persistent sources of surface fouling, particularly in medical and
marine settings. The ability of organisms to adapt, move, cooperate, evolve
on short timescales, and modify surfaces by secreting proteins and other
molecules enables them to colonize even state-of-the-art antifouling
coatings, and small surface defects can trigger protein aggregation and
blood clotting. Attempts to combat these issues are further hindered by
conflicting requirements at different size scales and across different
species. Our recently developed concept of Slippery, Liquid-Infused Porous
Surfaces (SLIPS) provides a defect-free, dynamic liquid interface that
overcomes many of these problems at once. A single surface is able to
prevent adhesion of a broad range of genetically diverse bacteria, including
many pathogenic species that underlie widespread hospital-acquired
infections, as well as marine algae. The same approach resists adhesion of
proteins, cells, and blood, preventing clogging and thrombus formation
inside medical tubing and catheters. At a larger scale, the slippery interface
repels insects, barnacles and mussels, which slide off and actively avoid the
coated surface. We are currently developing this strategy to solve
longstanding fouling issues in a wide range of medical, marine, and other
settings.
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2D Materials Focus Topic
Room 15 - Session 2D+EM+MI+MN-MoM

Properties of 2D Materials including Electronic, Magnetic,

Mechanical, Optical, and Thermal Properties
Moderator: Andrey Turchanin, Friedrich Schiller University Jena, Germany

8:20am 2D+EM+MI+MN-MoM-1 Spontaneous Mechanical Buckling in
Two-Dimensional Materials: A Power Source for Ambient Vibration
Energy Harvesters, Paul Thibado, P Kumar, S Singh, University of Arkansas
Internet-of-Things (loT) is projected to become a multi-trillion-dollar
market, but most applications cannot afford replacing batteries on such a
large scale, driving the need for battery alternatives.

We recently discovered that freestanding graphene membranes are in
perpetual motion when held at room temperature [1-3]. Surprisingly, the
random up-down motion of the membrane does not follow classical
Brownian motion, but instead is super-diffusive at short times and sub-
diffusive at long times. Furthermore, the velocity probability distribution
function is non-Gaussian and follows the heavy-tailed Cauchy-Lorentz
distribution, consistent with Levy flights.

Molecular dynamics simulations reveal that mechanical buckling is
spontaneously occurring, and that this is the mechanism responsible for
the anomalous movement. Bucking in this system occurs when the local
material suddenly flips from concave to convex.

The higher kinetic energy associated with this motion is derived from the
surrounding thermal waste heat, and it may be converted into an electrical
current and used as the active component of small power generators
known as ambient vibration energy harvesters.

References:

[1] P. Xu, M. Neek-Amal, S.D. Barber, J.K. Schoelz, M.L. Ackerman, P.M.
Thibado, A. Sadeghi, and F.M. Peeters, Nature Comm. 5, 3720 (2014).

[2] M. Neek-Amal, P. Xu, J.K. Schoelz, M.L. Ackerman, S.D. Barber, P.M.
Thibado, A. Sadeghi, and F.M. Peeters, Nature Comm. 5, 4962 (2014).

[3] M.L. Ackerman, P. Kumar, M. Neek-Amal, P.M. Thibado, F.M. Peeters,
and S.P. Singh, Phys., Rev. Lett. 117, 126801 (2016).

8:40am 2D+EM+MI+MN-MoM-2 Topological Toughening of Graphene and
other 2D Materials, Bo Ni, Brown university;, H Gao, Brown University

It has been claimed that graphene, with the elastic modulus of 1 TPa and
theoretical strength as high as 130 GPa, is the strongest material. However,
from an engineering point of view, it is the fracture toughness that
determines the actual strength of materials, as crack-like flaws (i.e., cracks,
holes, notches, corners, etc.) are inevitable in design, fabrication and
operation of practical devices and systems. Recently, it has been
demonstrated that graphene has very low fracture toughness, in fact close
to that of ideally brittle solids. These findings have raised sharp questions
and are calling for efforts to explore effective methods to toughen
graphene. Recently, we have been exploring the potential use of
topological effects to enhance the fracture toughness of graphene. For
example, it has been shown that a sinusoidal graphene containing
periodically distributed disclination quadrupoles can achieve a mode |
fracture toughness nearly twice that of pristine graphene. Here we report
working progresses on further studies of topological toughening of
graphene and other 2D materials. A phase field crystal method is adopted
to generate the atomic coordinates of material with specific topological
patterns. We then perform molecular dynamics simulation of fracture in
the designed samples, and observe a variety of toughening mechanisms,
including crack tip blunting, crack trapping, ligament bridging, crack
deflection and daughter crack initiation and coalescence.

9:00am 2D+EM+MI+MN-MoM-3 Ferroelectric Domain Control of
Photoluminescence in Monolayer WSe: / PZT Hybrid Structures, Berry
Jonker, C Li, K McCreary, Naval Research Laboratory

Single monolayer transition metal dichalcogenides (TMDs) exhibit
exceptionally strong photoluminescence dominated by a combination of
distinct neutral and charged exciton contributions. The dielectric screening
is very low due to their two-dimensional character relative to bulk material,
and their properties are thus strongly affected by their immediate
environment. Because the exciton and trion binding energies are very large
(~ 600 meV and ~30 meV, respectively), these characteristic emission
features persist to room temperature. The samples were fabricated by
mechanically transferring large area monolayer WS, grown by a CVD
process onto 100 nm thick lead zirconium titanate (PZT) films on a
conducting n-type strontium titanate wafer. We show here that the surface
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charge associated with ferroelectric domains patterned into the PZT film
with a conductive atomic force microscope laterally control the spatial
distribution of neutral and charged exciton populations in the adjacent WS>
monolayer [1]. This is manifested in the intensity and spectral composition
of the photoluminescence measured in air at room temperature from the
areas of WS; over a ferroelectric domain with polarization dipole pointed
either out of the surface plane or into the surface plane. The
photoluminescence from areas of the WS, over up polarization domains in
the PZT are dominated by neutral exciton emission, while those over down
domains are dominated by trion emission, consistent with the
corresponding charge produced by the domains at the WS,/ PZT interface.
The hysteretic character of ferroelectric materials means that the TMD
properties can be selectively reconfigured in a nonvolatile manner by
changing the state of the ferroic substrate. This approach enables spatial
modulation of TMD properties with a spatial resolution determined by the
polarization domains in the underlying ferroelectric layer, with the
potential for fabrication of lateral quantum dot arrays or p-n junctions in
any geometry of choice.

[1] C.H. Li, K.M. McCreary and B.T. Jonker, ACS Omega 1, 1075 (2016).

This work was supported by core programs at NRL and the NRL
Nanoscience Institute, and by the Air Force Office of Scientific Research
#AOARD 1410A018-134141.

9:20am 2D+EM+MI+MN-MoM-4 Mechanical Instability-driven
Architecturing of Atomically-thin Materials, SungWoo Nam, University of
Illinois at Urbana-Champaign

Mechanical deformations, such as buckling, crumpling, wrinkling,
collapsing, and delamination, are usually considered threats to mechanical
integrity which are to be avoided or reduced in the design of materials and
structures. However, if materials systems and applied stresses are carefully
controlled, such mechanical instabilities can be tailored to deterministically
create functional morphologies that can enable powerful new functions. In
particular, in atomically-thin material systems with ultralow bending
stiffness, such as graphene, mechanical deformations enable new
structural properties and device-level functionalities which surpass the
limits of bulk material systems. In this talk, | will present our manufacturing
technique on controlled deformation and straining of atomically-thin
materials, and the emergent materials properties and applications of such
deformed and strained atomically-thin materials. First, | will introduce
shrink-manufacturing approaches to enable controlled deformation of
atomically-thin materials. Second, | will introduce a wide range of new
material properties enabled by the new class of ‘architectured atomically-
thin materials’. | will discuss the surface plasmonics enabled by crumpled
topographies of graphene and will further discuss shape reconfigurability
which opens the door to tunable plasmonic resonance of crumpled
graphene. In addition, | will share our ongoing research efforts on strained
superlattice for the modulation of electronic properties. Third and last, |
will present our work on adaptive/conformal and multifunctional
electronics based on mechanically deformed atomically-thin materials. Our
optoelectronic sensor is based exclusively on graphene and transforms the
two dimensional material into three dimensional (3D) crumpled structures.
This added dimensionality enhances the photoabsorption of graphene by
increasing its areal density with a buckled 3D structure, which
simultaneously improves device stretchability and furthermore enables
strain-tunable photoresponsivity. Our approach to manufacturing
architectured atomically-thin materials offers a unique avenue for enabling
new materials properties and engineering of advanced device functions.

9:40am 2D+EM+MI+MN-MoM-5 Excitons and Exciton Complexes in
Transition Metal Dichalcogenide Monolayers, Mark Hybertsen,
Brookhaven National Laboratory INVITED
Ultra-thin semiconductor crystals, realized from transition metal
dichalcogenides and other Van der Waals materials, exhibit fascinating
optical properties. In the limit of a single monolayer of material, the
Coulomb interactions between the optically excited electrons and holes are
particularly strong and specifically deviate in functional form from that
familiar from bulk semiconductors (1/r) [1]. In combination with the
reduced dimensionality, the resultant interaction effects are an order of
magnitude stronger than those that were previously observed in quantum
well structures realized in epitaxially grown multilayers. The lowest energy
excitations created by optical excitation are bound electron-hole pairs
(excitons). The binding energy is on the 0.5 eV scale and the ladder of
bound state energies observed deviate significantly from the spectrum
predicted by the conventional hydrogenic model [2]. In the presence of
excess carriers, the excitons also form a bound complex with either an
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excess electron or hole (trions) [1]. As the density of optically excited
excitons is increased, pairs of bound excitons form (biexcitons), with a clear
spectroscopic signature [3]. All of these characteristics of excitons and
exciton complexes in transition metal dichalcogenides can be understood
directly from the strong and modified form of the Coulomb interaction,
including both the role of the environment and the impact of the intrinsic
screening response of the material. In particular, a model Hamiltonian can
be fully determined from microscopic inputs and solved for the properties
of the observed excitons and associated complexes. Variational solutions
are semiquantitative while supplying insight. A Monte Carlo approach
solves the model Hamiltonian numerically exactly and gives quantitative
relationships among the exciton and exciton complex binding energies [4].
Extensions of these approaches to understand excited states in more
complex combinations of such layered materials will also be discussed.

Work performed in part at the CFN, which is a U.S. DOE Office of Science
Facility, at BNL under Contract No. DE-SC0012704 and with resources from
NERSC under Contract No. DE-AC02-05CH11231.

[1] T. C. Berkelbach, M. S. Hybertsen, and D. R. Reichman, Phys. Rev. B 88,
045318 (2013).

[2] A. Chernikov, T. C. Berkelbach, H. M. Hill, A. Rigosi, Y. Li, O. B. Aslan, D.
R. Reichman, M. S. Hybertsen, and T. F. Heinz, Phys. Rev. Lett. 113, 076802
(2014).

[3]1 Y. You, X.-X. Zhang, T. C. Berkelbach, M. S. Hybertsen, D. R. Reichman,
and T. F. Heinz, Nat. Phys. 11, 477 (2015).

[4] M. Z. Mayers, T. C. Berkelbach, M. S. Hybertsen, and D. R. Reichman,
Phys. Rev. B 92, 161404 (2015).

11:00am 2D+EM+MI+MN-MoM-9 Mechanical Properties of
Polycrystalline and Defective Graphene, Joseph Gonzales, | Oleynik, J
Willman, University of South Florida;, R Perriot, Los Alamos National
Laboratory

Experimental investigation of mechanical properties indicates that the
polycrystalline graphene grown by chemical vapor deposition is as strong
as pristine. Recent experiments involving nanoindentation of graphene
have also demonstrated counterintuitive increasing of Young’s modulus
with increasing concentrations of point defects. Using accurate description
of interatomic interactions provided by novel screened environment-
dependent bond order, (SED-REBO) potential, we performed large-scale
molecular dynamics investigations of mechanical properties of
polycrystalline and defective graphene samples under conditions
mimicking nano-indentation AFM experiments. The atomically resolved
characterization of the stress and strain distributions under indenter are
used to understand fundamental mechanisms of graphene strength and
failure. The breaking strength, the crack initiation and propagation are
investigated as a function of the grain boundary structure, grain size
distribution, concentration of point defects as well as the position of the
indenter in respect to these extended and point defects.

11:20am 2D+EM+MI+MN-MoM-10 Properties of Single Layer Transition
Metal Dichalcogenides Grown by Van der Waals Epitaxy, Matthias Batzill,
University of South Florida INVITED
It is well documented that the electronic properties of transition metal
dichalcogenides (TMDs) vary as their dimensions are reduced to a single
layer. Also, variations depending on the substrate have been reported. In
our studies we grow single- to few- layers of TMDs by molecular beam
epitaxy on van der Waals substrates (mainly HOPG or bulk-MoS:). Despite
the weak interactions between the monolayer and the substrate the film
grows rotational aligned so that a film exhibits a single crystal orientation.
This enables for example electronic structure characterization by angle
resolved photoemission spectroscopy. The versatile growth procedure
allows us to characterize many materials systems. First we discuss the role
of the substrate for semiconducting TMDs. We study the electronics
structure variation for MoSe; grown on another TMD (MoS;) and compare
it with that grown on HOPG. While the band dispersion of MoSe, on HOPG
resembles the expectations for free-standing MoSe; it is modified for
MoSe2/MoS; due to interlayer hybridization of the chalcogen p-orbitals. A
big advantage of MBE growth in vacuum is that it enables the synthesis and
study of more reactive systems — like most metallic TMDs. Thus, in the
second part of this talk we investigate the properties of single layer TiSe.
TiSez is an unconventional charge density wave (CDW) material whose
charge density wave transition has been associated with an excitonic
insulator phase. Such an excitonic insulator is formed spontaneously if the
excitonic binding energy exceeds the band gap and thus formation of
excitons may become the ground state. By scanning tunneling
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spectroscopy we observe significant increase in the CDW-band gap opening
at the T-point for the monolayer compared to few-layer materials.
Furthermore, the opening of the gap varies with the substrate material,
consistent with expectations for excitonic binding energies. Interestingly,
we observe coherence peaks in the tunneling spectra below 50 K
suggesting the formation of an excitonic condensate.

Actinides and Rare Earths Focus Topic
Room 22 - Session AC+MI+SA+SU-MoM

Magnetism, Complexity, and Superconductivity in the

Actinides and Rare Earths
Moderator: Tomasz Durakiewicz, Los Alamos National Laboratory

8:20am AC+MI+SA+SU-MoM-1 Magnetic and Transport Characteristics in
the Uranium Intermetallic Compounds with the HoCoGas-type Structure,
Yoshinori Haga, Japan Atomic Energy Agency, Japan INVITED
Physical properties of actinides compounds are mainly dominated by the 5f
electrons behavior. The spatial extent of the 5f wave function and resulting
hybridization with the neighboring atoms lead to itinerant characters. On
the other hand, well isolated 5f electrons carry magnetic moment.
Competition between those two characteristics often bring about peculiar
electronic properties. Among a series of actinides compounds, so-called
115 compounds crystallizing in the tetragonal HoCoGas-type structure have
extensively been studied because of unusual correlated electronic states,
including heavy effective mass of conduction electrons, magnetic orderings
and heavy fermion superconductivity. Those compounds are also good
cases to study electronic transport properties in detail because of
availability of extremely high quality samples. Among them, we discuss
electronic properties of URhXs (X = Ga and In). While URhIns orders
antiferromagnetically at fairly high tempearture 98 K, isostructural and
formally isoelectronic analogue URhGas is a nonmagnetic semimetal[1,2,3].
Detailed transport measurements as well as the de Haas-van Alphen
experiment revealed Fermi surface characteristics. We discuss origin of
magnetism of uranium 5f electrons and its relationship between
superconductivity realized in Pu-analogues.

[1] Y. Matsumoto et al., Phys. Rev. B 88, 045120 (2013).
[2] S. Ikeda et al., Physica B 359-361, 1039 (2005).
[31Y. Matsumoto et al, JPS Conf. Proc. 3, 011097 (2014).

9:00am AC+MI+SA+SU-MoM-3 Magnetic Structures of Layered U,Rhinz,.2
Materials, Attila Bartha, M Klicpera, Charles University, Prague, Czech
Republic; P Cermdk, Forschungszentrum Juelich GmbH, Germany; B
Ouladdiaf, Institut Laue Langevin, France; P Javorsky, J Custers, Charles
University, Prague, Czech Republic

Materials of reduced dimensionality appear in many contemporary fields of
research and technology, because they encompass a wide variety of
interesting electronic phenomena. For instance carbon can be prepared in
3D (diamond), quasi-2D (graphite), 2D (graphene) or 1D (carbon
nanotubes). All of these structures have distinct electronics. Diamond is an
insulator. Graphene is semimetal. However, when the dimensionality is
increased by putting several graphene layers together (eventually making
graphite), the resulting band structure moves to that of a more trivial
metal. Another example is high temperature superconductors being quasi-
2D materials as well.

The role of dimensionality in f-electron systems has been mainly discussed
in the context of quantum phase transitions and related phenomena. The
series CenTmlnsnam(n=1, 2; m=0, 1, 2; T=transition metal) of layered
compounds, which can be viewed as m Tin—layers alternating with n—
layers of Celns along the c-axis, has been extensively investigated. Celns is
cubic (3D) and orders antiferromagnetically (AFM) at Tn= 10.2 K [1] with a
propagation vector k = (0.5, 0.5, 0.5) [2]. Under hydrostatic pressure
superconductivity appears with highest T.= 0.3 K at p = 2.5 GPa. In CeRhlns,
the anisotropic crystal structure leads to an incommensurate magnetic
structure described with k = (0.5, 0.5, 0.297). The AFM order is reduced (T
= 3.8 K) while superconductivity is supported, Tc increases to 1.9 K at p =
1.77 GPa [3-4].

We report on the magnetic structures of URhIns and UzRhins, two new
members of this intriguing RaTmXan2m(R= Lanthanide, Actinide, X = In, Ga)
family of compounds. Neutron diffraction measurements were performed
on structurally well-defined single crystals. Both, URhIns and U2Rhing, adopt
the tetragonal Ho,CoGasns2-type structure (P4/mmm) typical for this group
of compounds. URhIns orders antiferromagnetically below Ty = 98 K. The
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propagation vector equals k = (0.5, 0.5, 0.5) and we obtained a value of
1.65 us/U** for the size of the ordered magnetic moment. The
antiferromagnetic transition temperature of UzRhlins is higher yielding 117
K. We found that the magnetic structure can be described by propagation
vector k = (0.5, 0.5, 0). The respective ordered magnetic moment amounts
1.7 us/U*. In both materials the ordered magnetic moments are aligned
along the tetragonal c-axis. Comparison with isostructural compounds and
general conclusions for the series will be presented.

[1] C. Pfleiderer, Rev. Mod. Phys. 81 (2009) 1551

[2] A Benoit et al., Solid State Commun. 34 (1980) 39

[3] H. Shishido et al. J. Phys. Soc. Jpn. Vol. 71 Suppl. (2002) 276
[4] H. Hegger et al., Phys. Rev. Lett. 84 (2000) 4986

9:20am AC+MI+SA+SU-MoM-4 UsSi»— Physical Properties and Resistance
to Hydrogen, Silvie Maskova, Charles University, Prague, Czech Republic; K
Miliyanchuk, lvan Franko National University of Lviv, Lviv, Ukraine; S
Middleburgh, Westinghouse Electric Sweden AB, Vasteras, Sweden; L
Havela, Charles University, Prague, Czech Republic

UsSi> (tetragonal structure with the space group of P4/mbm and two
different U-positions, U1 and U2, in the unit cell) is considered to be
promising material (due to its high density of uranium) as an accident-
tolerant nuclear fuel [1] with rather high melting point (1938 K) indicating a
high thermodynamic stability. From this point of view, it is very important
to study its resistance to oxygen or hydrogen, as it can significantly
influence the integrity of the material. UsSi> was reported to oxidize at
elevated temperatures [2].

We studied the H absorption and concomitant changes of basic electronic
properties. We found that UsSi, reversibly absorbs hydrogen (H can be
released again by heating up to approx. 700 K) to the level of
approximately 1.8 H/f.u., i.e. yielding UsSizH1s. The H absorption proceeds
at very low H pressures (kPa range) already, resulting in 10 % volume
expansion. The temperature-induced desorption experiment showed that
the hydrogen atoms are located in one specific position only. The crystal
structure arrangement suggests that two different positions should be
considered - UsSi tetrahedra (similar to UsT tetrahedra in U2T2X compounds
[3] crystallizing in an ordered ternary derivative of the UsSi, structure) and
a split position in the Us octahedra consisting of 4 U1 and 2 U2 atoms (H
atom shifts from the central position into the tetrahedra formed by 2 U1
and 2 U2 atoms. As H generally does not occupy two adjacent tetrahedra,
we can assume only two from the 4 tetrahedra occupied). The later was
confirmed as more plausible option by ab-initio calculations using Vienna
Ab-initio Simulation Package (VASP) with the PBE-GGA exchange
correlation.

Magnetic studies of UsSi: confirmed that it is a Pauli paramagnet, as
reported previously [4]. The volume expanded hydride reveals a Curie-
Weiss behavior and a weak and inhomogeneous ferromagnetism arising
gradually below T = 100 K. The low-temperature specific heat of UsSi;H1.s
shows an upturn and a dramatic enhancement of the Sommerfeld
coefficient of electronic specific heat y, which reaches 440 mJ/mol f.u. K2 (y
=88 mJ/mol f.u. K2 for UsSi,).

This work was supported by The Czech Science Foundation under the Grant
No. 15-01100S.

[1] K.D. Johnson, A.M. Raftery, D.A. Lopes, J. Wallenius, J. Nucl. Mater. 477
(2016) 18-23.

[2] E. Sooby Wood, J.T. White, A.T. Nelson, J. Nucl. Mater. 484 (2017) 245-
257.

[3] K. Miliyanchuk, L. Havela, A.V. Kolomiets, A.V. Andreev, Physica B 359—
361 (2005) 1042-1044.

[4] T. Miyadai, H. Mori, T. Oguchi, Y. Tazuke, H. Amitsuka, T. Kuwai and Y.
Miyako, J. Magn. Magn. Mater. 104-107 (1992) 47-48.

9:40am AC+MI+SA+SU-MoM-5 Understanding Surface Chemistry of f-
element Oxides using First-principle Methods, Ping Yang, Los Alamos
National Laboratory INVITED
Interfacial chemistry for f-element materials is critical for nuclear waste
management and to address the environmental concerns associated with
actinides. Cerium is often used as a surrogate for more radioactive actinide
elements for thorough characterization using advanced spectroscopic
techniques. Herein, we will present recent progress in characterizing
interfacial interactions of ligands with CeO. and ThO: in both surface and
nanoparticle forms. We will demonstrate how the synergy between theory
and experiment has accelerated the progress in this field. The theoretical
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results are validated by spectroscopic characterizations. A better
molecular-level understanding of the interfacial chemistry including
coordination, energetics and reaction mechanisms will pave the way to a
better strategy for waste management and environment remediation.

10:40am AC+MI+SA+SU-MoM-8 Inelastic X-ray Scattering Study of the
Crystal Dynamics of Neptunium and Uranium Dioxide, Roberto Caciuffo,
European Commission, Joint Research Centre, Karlsruhe, Germany; P
Maldonado, Uppsala University, Sweden; L Paolasini, European
Synchrotron Radiation Facility, France, P Oppeneer, Uppsala University,
Sweden; T Forrest, European Synchrotron Radiation Facility, France; A
Prodi, Consiglio Nazionale delle Ricerche, Italy; N Magnani, European
Commission, Joint Research Centre, Karlsruhe, Germany;, A Bosak,
European Synchrotron Radiation Facility, France; G Lander, European
Commission, Joint Research Centre, Karlsruhe, Germany INVITED
The energy-wavevector dispersion relations for normal modes of vibration
propagating along high-symmetry lines in NpO: and UO: have been
determined by measuring the coherent one-phonon scattering of X-rays
from single-crystal specimens with mass varying from a few pg to ~1 mg.
The inelastic X-ray scattering (IXS) experiments were carried out using the
ID28 beamline at ESRF with an incident energy E=17.794 keV. The results
are compared against ab initio phonon dispersion simulations computed
within the first-principles density functional theory in the generalized
gradient approximation plus Hubbard U correlation (GGA+U) approach,
taking into account third-order anharmonicity effects in the quasiharmonic
approximation.

In the case of NpO,, the sample of dimension of 0.4x0.3x0.3mm?3 was
oriented with the specular direction along the (100) crystal axis and the
(011) axis in the scattering plane. We have investigated different Brillouin
zones in order to optimize the inelastic structure factor for the different
optic branches. Optic phonons arise mainly from oxygen vibration modes
and are very weak. Thermal expansion, heat capacity, thermal conductivity,
phonon linewidth, and thermal phonon softening are calculated and
compared with experimental data available for both NpO. and UO: [1]. We
show that optical phonons contribute significantly to the heat transport
due mainly to their large velocities and short lifetimes. Compared with UO5,
the main differences in the phonon density of states of NpO; are a
softening of the optical modes and an increase of the peak centred around
55 meV, whereas the acoustic modes in NpO: are shifted to higher
frequencies. The calculated value at 0 K of the bulk modulus in NpO: is in
agreement with the experimental value and slightly smaller than the one
determined by high-pressure X-ray diffraction for UO2. NpO; has a smaller
thermal conductivity than UO,, at least in the temperature range 600 to
1000 K for which experimental values are available.

The lattice dynamics of UO; have been extensively investigated by neutron
scattering both at low and high temperature. In this study we focussed our
attention to the low temperature region, searching for vibronic
contributions to the vibrational-magnetic-quadrupolar mixed modes that
appear in UO2 because of magnetoelastic and multipolar superexchange
interactions. The situation is cleaner than with neutrons, as the latter see
both magnons and phonons — the IXS spectra just the phonons. This
observation opens a new window on these “hidden excitations”, which
drive much of the physics of UO..

[1] P. Maldonado et al., Phys Rev B 93, 144301 (2016)

11:20am AC+MI+SA+SU-MoM-10 Emergent Phenomena in 4f Heavy-
Fermion Systems: from Bulk to Thin-Films, Priscila Rosa, Los Alamos
National Laboratory INVITED
The interplay between magnetism and unconventional superconductivity in
bulk materials has been one of the central topics in condensed matter
physics for the past 40 years. In particular, the family of compounds CeMins
(M = Co, Rh, Ir) provides an ideal platform for such investigation due to the
small energy scales involved, and the high sample quality. In this talk, | will
first discuss novel insights provided by substitution studies in bulk CeRhlins
under pressure. | will then present recent efforts to fabricate hybrid
superlattices consisting of alternating superconducting CeColns and
antiferromagnetic CeRhlns.
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Applied Surface Science Division
Room 13 - Session AS+BI+MI-MoM

Practical Surface Analysis: Getting the Most Out of Your

Analysis using Complementary Techniques
Moderators: Mark Engelhard, EMSL, Environmental Molecular Sciences
Laboratory, Michaeleen Pacholski, The Dow Chemical Company

8:20am AS+BI+MI-MoM-1 Obtaining Complete Characterisation of Core-
shell Nanoparticle Structure and Composition via the use of
Complementary Techniques, David Cant, C Minelli National Physical
Laboratory, UK; K Sparnacci, Universita degli Studi del Piemonte Orientale,
Italy; W Unger, Bundesanstalt fiir Materialforschung und -prifung (BAM),
Germany; A Hermanns, Bundesanstalt fiir Materialforschung und -prifung
(BAM); W Werner, H Kalbe, TU Wien, Austria; R Garcia-Diez, C Gollwitzer, M
Krumrey, Physikalisch-Technische Bundesanstalt, Germany;, A Shard,
National Physical Laboratory, UK

Core-shell nanoparticles are commonly used in a variety of applications,
including medicine, catalysis, optoelectronics, and others. Accurate
identification of core-shell nanoparticle structure and morphology is an
important challenge to overcome before such nanoparticles can be
effectively utilised. This is not necessarily a trivial obstacle, as no single
characterisation technique can accurately identify every possible
peculiarity of structure or composition that may exist.

For example, characterisation methods that observe bulk properties, such
as differential centrifugal sedimentation (DCS), thermogravimetric analysis
(TGA), or techniques based on observation of Brownian motion such as
dynamic light scattering (DLS) may be unable to distinguish particles with a
standard core-shell morphology from those with the same core and shell
masses, but with an uneven shell, or where the core and shell have merged
to form a homogenous particle.

Similarly, surface sensitive techniques which analyse a population of
particles, such as x-ray photoelectron spectroscopy (XPS) or small angle x-
ray scattering (SAXS), may be able to provide information on shell
thicknesses in standard core-shell particles and distinguish them from
particles with an uneven shell or a homogenous particle, but may have
difficulty distinguishing homogeneity from an uneven shell or off-centred
core.

Techniques that allow observation of individual particles, such as electron
microscopy, may be able to clearly show the structure, but are rarely able
to provide any in-depth quantification of the composition. As such it is
necessary to use a careful selection of appropriate techniques to fully
characterise any given nanoparticle system. To illustrate these issues, two
polymeric core-shell nanoparticle systems have been characterised, both
consisting of a Hyflon® core coated in varying thicknesses of either PMMA
or polystyrene. These systems are nominally very similar, but differ notably
in structure. The results from several different characterisation techniques
(XPS, SAXS, DCS, TGA, DLS, and SEM.) were compared in order to
demonstrate the difference in information provided by each and obtain a
full understanding of both types of nanoparticle.

9:00am AS+BI+MI-MoM-3 Correlative Microscopy based on Secondary lon
Mass Spectrometry for High-Resolution High-Sensitivity Nano-Analytics,
Tom Wirtz, J Audinot, D Dowsett, S Eswara, Luxembourg Institute of
Science and Technology (LIST), Luxembourg INVITED
Development of innovative characterization tools is of paramount
importance to advance the frontiers of science and technology in nearly all
areas of research. In order to overcome the limitations of individual
techniques, correlative microscopy has been recognized as a powerful
approach to obtain complementary information about the investigated
materials. High-resolution imaging techniques such as Transmission
Electron Microscopy (TEM) or Helium lon Microscopy (HIM) offer excellent
spatial resolution. However, the analytical techniques associated with TEM
such as Energy Dispersive X-ray spectroscopy (EDX) or Electron Energy-Loss
Spectroscopy (EELS) are inadequate for the analysis of (i) isotopes, (ii) trace
concentrations (< 0.1 at. % or < 1000 ppm) and (iii) light elements (H, Li, B).
Likewise, for the case of HIM, until recently there was no direct possibility
to perform elemental mapping because sub-30 keV He* or Ne* ion
irradiation do not excite X-ray emission. Secondary lon Mass Spectrometry
(SIMS), on the other hand, is an extremely powerful technique for
analysing surfaces owing in particular to its excellent sensitivity (detection
limits down to the ppb are possible, so that SIMS can be used to detect
both major and trace elements), high dynamic range (a same signal can be
followed over several orders of magnitude), high mass resolution and
ability to differentiate between isotopes.
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In order to combine the high spatial resolution of TEM and HIM with the
analytical sensitivity of SIMS, we developed integrated TEM-SIMS [1,2] and
HIM-SIMS [2-4] instruments. The main advantage of this in-situ correlative
approach is its capability to analyse the same area of interest of any sample
without need of transferring the sample from one instrument to another
one, which would result in a number of artefacts ranging from surface
contamination to issues with localizing exactly the same ROIs. Moreover,
the integrated approach allows fast and multiple interlacing between the
different imaging and analysis modes.

In this talk, we will first introduce the TEM-SIMS and HIM-SIMS instruments
and discuss their performance characteristics. We will then present a
number of examples taken from various fields of materials science and life
science to show the powerful correlative microscopy possibilities enabled
by these new in-situ methods.

[1] L. Yedra et al., Sci. Rep. 6, 28705, 2016
[2] T. Wirtz et al., Nanotechnology 26 (2015) 434001

[3] T. Wirtz et al., Helium lon Microscopy, ed. G. Hlawacek, A. Goélzhauser,
Springer, 2017

[4] P. Gratia et al, J. Am. Chem. Soc. 138 (49) 15821-15824, 2016

9:40am AS+BI+MI-MoM-5 New Insights on Layered Polymer Systems,
Polymer Networks and Polymerization in Defined Geometries by
Combining Surface Analysis with Depth Profiling using ToF-SIMS and XPS
as Analytical Tools, Sven Steinmiiller, Institute for Applied Materials,
Karlsruhe Institute of Technology, Germany; A Llevot, Institute of Organic
Chemistry, Karlsruhe Institute of Technology, Germany,; D Moock, Institute
for Applied Materials, Karlsruhe Institute of Technology, Germany; B
Bitterer, Institute of Organic Chemistry, Karlsruhe Institute of Technology,
Germany; F Cavalli, Institute for Biological Interfaces, Karlsruhe Institute of
Technology, Germany; S Hurrle, Institute for Chemical Technology and
Polymer Chemistry, Karlsruhe Institute of Technology, Germany, M Bruns,
Institute for Applied Materials, Karlsruhe Institute of Technology, Germany
Surface analytical characterization of polymers is still a tough topic if
precise information are favored. Especially for characterization of stepwise
layered systems and for studying reaction rates and composition of
network formation or to confirm polymerization within defined geometries
a lot of techniques are not sensitive enough to fulfill the desired degree of
precision and resolution. Within the recently installed Cooperate Research
Center “SFB 1176” at KIT (Molecular Structuring of Soft Matter), a high
degree of precision is necessary to qualitatively and quantitatively confirm
the defined structures achieved during the polymer syntheses. Here a new
surface analysis approach combining X-ray Photoelectron Spectroscopy
(XPS) and Time of Flight Secondary lon Mass Spectrometry (ToF-SIMS)
including Ar cluster ion sputter depth profiling for three dimensional
systems is utilized to prove every reaction step of polymer syntheses and to
evidence three-dimensional structures at high lateral resolution. By using
different marker molecules as well as specific molecule ion fragments, the
combination of these two methods enables to obtain the precise
characterization and evaluation of the different polymeric systems.

We present our results on the implementation of new methods for precise
surface analysis of polymers. Starting with the investigation of molecular
layered systems prepared via electrografting of surfaces followed by
successive thiol-yne or thiol-ene reactions, we show controlled
functionalization on silicon as well as on highly oriented pyrrolytic graphit
substrates. Finally the developed strategy will be transferred to real
graphite electrodes. This is an important step to design and tailor the
properties of artificial solid electrolyte interfaces (SEI) for lithium ion
batteries.

From the characterization of these two dimensional systems (according to
the surface analytical tasks), we follow up with polymer systems with three
dimensional analysis questions. We present analytical results of network
formation using the Para-fluoro-thiol reaction and strategies for the
confirmation of polymer position after polymerization within defined
geometries. Surface analytical recipes to confirm synthesis routes were
established. The analytical results of the three dimensional chemical
picture are taken to further optimize the synthesis routes and network
properties.

We kindly acknowledge the SFB 1176, funded by the German Research
Council (DFG), in the context of projects B2, C1, C4 and Z1 for funding. The
K-Alpha+ instrument was financially supported by the Federal Ministry of
Economics and Technology on the basis of a decision by the German
Bundestag.
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10:00am AS+BlI+MI-MoM-6 Combining Monoatomic- and Cluster lon
Sputtering in ToF-SIMS and XPS Depth Profiling of Organic-inorganic
Multilayer Structures, Eric Langer, J Barnes, O Renault, T Maindron, CEA-
Leti, France,; L Houssiau, University of Namur, Belgium

Organic electronics have risen to great importance in the world of
consumer electronics. Especially organic light emitting diode (OLED)
displays have brought new possibilities to the market. However, organic
materials are more susceptible to electrical dysfunctions than
conventionally used inorganic materials. This leads to a shortened lifetime
for those materials. Environmental impacts like humidity or ultraviolet
irradiation can create chemical reactions that lead to dark spots and device
failures. Additionally, the flow of current through the device can further
promote device degradation and can even induce migration and diffusion
of dopants and small molecules. Precise chemical depth profiling is
therefore essential to identify sources of failure and improve the device
lifetime of organic electronics. Surface analysis techniques such as time-of-
flight secondary ion mass spectrometry (ToF-SIMS) and x-ray photoelectron
spectroscopy (XPS) are efficient tools to characterize the chemical
composition in depth. With the recent introduction of gas cluster ion beam
(GCIB) sources, it is possible to sputter through organic materials without
inducing a significant amount of damage to the sample [1]. Typically, argon
clusters (1000 — 5000 atoms per cluster) with low energy per atom ratios (1
— 5 eV/atom) are used for gentle sputtering. However, these low energies
are not sufficient to break the atomic bonds in inorganic materials. This
poses a major problem in the characterization of hybrid inorganic-organic
devices.

In this work, we present an approach to overcome the difficulties in depth
profiling of inorganic-organic interfaces. Green OLED devices are
characterized by ToF-SIMS depth profiling using GCIB as well as
monoatomic sources for sputtering. This allows for precise tracking of
characteristic chemical species in both the inorganic and the organic parts
of the multilayer structures. Additionally, XPS depth profiling is used to
measure the sputter induced damage during analysis [2]. We show, that by
optimizing the sputter parameters, the sputter induced damage can be
minimized and precise and reliable chemical information of hybrid
inorganic-organic devices can be gained by combining ToF-SIMS and XPS
analysis.

This work was carried out on the Platform for Nanocharacterization (PFNC)
at the CEA Grenoble.

[1] Ninomiya, S ; Ichiki, K ; Yamada, H ; Nakata, Y ; Seki, T ; Aoki, T ; Matsuo,
J Rapid Comm. Mass Spec. 23 20 (2009) 3264.

[2] Miyayama, T ; Sanada, N ; Bryan, SR ; Hammond, JS ; Suzuki, M ; Surf.
Interface Anal. 42 9 (2010) 1453

10:40am AS+BI+MI-MoM-8 Ultra High Surface Sensitivity — Elemental
Analysis of the Outer Layer, Thomas Grehl, P Briiner, H Brongersma, 1ON-
TOF GmbH, Germany

In materials science and applications, the outer surface plays a vital role for
a range of properties and in general for the interaction of a solid with its
surroundings. The chemical properties of the surface govern macroscopic
properties like wettability/contact angle, but also the chemical interactions
as in catalysis, corrosion or thin film growth. The outer surface and its
understanding is crucial for catalysis, fuel cells, thin film formation,
nanoparticles and a wide range of other processes.

The analysis of the outer surface is frequently hampered by the fact that
the origin of the signal is not completely limited to the first atomic layer,
but bulk and surface signals are mixed. This issue is avoided in the case of
Low Energy lon Scattering (LEIS). The elemental composition of the outer
atomic layer is determined quantitatively and separately from deeper
layers. We will demonstrate a number of cases where this is essential to
draw the relevant conclusions and reveal surface properties that would not
be detected by other surface analytical techniques.

Nevertheless, the combination of complementary techniques is always
required to address complex problems. We will demonstrate how the
combination of LEIS with other established analytical techniques is
beneficial for a comprehensive analysis.

One of these cases is the interaction of Ar cluster ions with a solid sample:
it is well known that the sputtering yield of massive argon clusters is some
orders of magnitude larger for organic than for inorganic materials.
Therefore, Ar cluster beams have been discussed as a means of removing
atmospheric adsorbents from surfaces prior to analysis. Using thin film
samples, we have evaluated this approach applying LEIS in order to detect
the removal of the organic material and the influence on the underlying
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inorganic surface. Despite the low sputtering yield for the inorganic
material, a complete removal of the organic material will lead to a
significant modification of the inorganic surface even when the actual
erosion is limited.

Other examples from nanoparticles, catalysis and thin films will support the
importance of outer layer surface analysis for materials research and other
applications.

11:00am AS+BI+MI-MoM-9 Towards Predictive Understanding of Li-S
Battery Materials through Multimodal Analysis, Vijayakumar Murugesan,
K Han, M Nandasiri, V Shutthanandan, Pacific Northwest National
Laboratory; S Thevuthasan, Pacific Northwest National Laboratory, Qatar; K
Mueller, Pacific Northwest National Laboratory

Comprehensive understanding about the interfacial reactions between
electrode and electrolyte is the major knowledge gap which inhibit the
development of the lithium sulfur (Li-S) batteries. Despite numerous
studies, the interfacial reaction mechanism such as SEI layer evolution and
polysulfides dissolution process is still unclear. Hence, it is critical to
develop a multi-modal approach that can provide unprecedented chemical
imaging of complex interfaces in wide lateral (ranging from subatomic to
micron) and temporal scales (few ns to seconds). Herein, we report an in-
situ X-ray photoelectron spectroscopy (XPS), X-ray absorption spectroscopy
(XAS) and nuclear magnetic resonance (NMR) combined with ab initio
molecular dynamics (AIMD) computational modelling to gain fundamental
understanding about the complex interfacial interactions in Li-S batteries. A
multi-modal approach involving AIMD modelling and in situ XPS and NMR
characterization uniquely reveals the chemical identity and distribution of
active participants of interfacial reactions as well as the -battery capacity
fading mechanism.

11:20am AS+BI+MI-MoM-10 Combined use of Back Side SIMS and FIB
Sample Preparation, Mikhail Klimov, University of Central Florida

When profiling multilayered samples or even a homogeneous samples with
rough surface SIMS depth resolution can suffer a rapid deterioration,
particularly when polycrystalline metal layers are concerned. The back side
SIMS was traditionally used to alleviate a loss of depth resolution during
front side depth profiling. The traditional back side SIMS sample
preparation involves painstaking polishing or/and ion milling, that requires
considerable skills to produce a high quality finish surface that is parallel to
front surface and terminated not too far from the interface of interest.
Also, because the traditionally prepared sample is relatively large, the
precise site specificity is, in general, unattainable.

| offer a relatively expedient FIB sample preparation (~2hrs.) for back side
SIMS analysis at precise location and at exact distance from the front
surface. The FIB sample extracted from the bulk has a typical lateral
dimensions of 10 p by 10 p or less. In order to analyze such a small area,
even smaller ion beam is required with diameter of 1p or less to provide
good depth resolution and high sensitivity. Also, it’s very much desirable
that the ion beam was Oxygen or Cesium to achieve a secondary ion yield
enhancement, particularly important for small area analysis. In my case,
micron and sub- micron beam of Oz* ions was produced by RF Plasma
source by Oregon Physics that replaced, for the first time, Duoplasmatron
on ADEPT1010 Dynamic SIMS System by Physical Electronics.

The FIB sample preparation procedure is discussed in detail and the first
back side SIMS results compared to the front side depth profiles.

11:40am AS+BI+MI-MoM-11 Phase Quantification of Mixed TiO, Powders
by X-ray Photoemission Valence Band Analysis and Raman Spectroscopy,
Paul Mack, T Nunney, Thermo Fisher Scientific, UK; R Palgrave, University
College London, United Kingdom of Great Britain and Northern Ireland
Titanium dioxide is one of the most studied materials in surface science. It
has applications in heterogeneous catalysis, dye-sensitised solar cells, bone
implants and self-cleaning windows. Many polymorphs of TiO2 are known
to exist but only two occur naturally in abundance: rutile and anatase.
Rutile is the more thermodynamically stable form but anatase is more
energetically favourable when forming nanoparticles at atmospheric
temperature and pressure. The anatase polymorph has been recognised as
more photoactive than rutile, although recent research indicates that the
greatest photovoltaic efficiencies are achieved in devices that contain a
mixture of anatase and rutile. The degree of mixing between two
polymorphs influences other material properties, such as catalytic activity.
This raises the question: how can one determine the polymorph ratio in a
sample that contains a mixture of anatase and rutile?

Quantitative phase analysis of anatase-rutile mixtures by two experimental
methods is presented in this work. Spectra of pure reference anatase and
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rutile were acquired X-ray Photoelectron Spectroscopy (XPS) and Raman
spectroscopy. These spectral shapes were then used to fit similar data from
mixed phase samples. XPS and Raman spectroscopy give information from
different depth regions in a sample. The surface sensitive character of XPS
yields a surface phase fraction of anatase and rutile. Mixed phase samples
were prepared from high and low surface area anatase and rutile powders.
In this work, the surface phase fraction of anatase was found to be linearly
correlated with photocatalytic activity of the mixed phase samples, even
for samples with very different anatase and rutile surface areas.

Biomaterial Interfaces Division
Room 12 - Session BlI-MoM

Engineering a Paradigm Shift in Control of Microbes and

Fouling
Moderators: Joe Baio, Oregon State University, Daniel Barlow, Naval
Research Laboratory

8:20am BI-MoM-1 Characterization of Adult Barnacle Adhesion Upon
Reattachment to Hydrophobic Surfaces, Manuel Figueroa, G Dickinson,
The College of New Jersey

Although a wide range of environmentally friendly surface coatings can
reduce biofouling on marine structures, there is still not a fundamental
understanding of barnacle adhesion upon reattachment. This study
assessed the effect of hydrophobicity on adhesion in the barnacle
Amphibalanus amphitrite, an abundant and widespread biofouler. Self-
assembled monolayers were made on glass slides from alkyl silanes with
methylated and fluorinated terminal groups to produce hydrophobic
surfaces. Coated and uncoated glass slides underwent a 2-week barnacle
reattachment assay. Barnacles were removed using a force gauge and
critical shear stress was calculated for each substrate. Following
reattachment assays, a Coomassie Blue G250 protein stain was used to
quantify the amount of glue remaining on substrates by measuring pixel
density with ImagelJ software on glue scans.

Critical shear stress was found to be significantly higher for both
hydrophobic surfaces as compared to the hydrophilic uncoated glass, and
correspondingly the density of residual glue was higher on hydrophobic
surfaces. Given that hydrophobic substrates can exclude water from the
surface, they may provide a protected environment for glue release that is
favorable for adhesive bond formation with the substrate as well as inter
and intramolecular bonding within the glue layer. Critical shear stress
showed a strong positive correlation with residual glue density, suggesting
barnacle release occurs primarily via cohesive failure. Scanning electron
microscope micrographs depicted a diverse mixture of features in the glue
remnants depending on the coating and its location under the base plate.
These features, which included a sponge-like matrix, globular structures,
viscous fingering and nanoscale fibers contribute to adhesion strength. The
design of marine coatings must continue to consider the nanoscale
topography as an essential attribute to reducing biofouling as well as the
ability of a coating to exclude water from the surface.

8:40am BI-MoM-2 Constructing and Deconstructing the Barnacle
Adhesive Interface, C So, K Fears, US Naval Research Laboratory; H Ryou,
ASEE Research Fellow at US Naval Research Laboratory; D Barlow, D Leary,
J Wollmershauser, C Spillmann, Kathryn Wahl, US Naval Research
Laboratory

Barnacles are sessile marine arthropods that live and reproduce on nearly
any available surface in the ocean. They adhere via a thin adhesive layer
developed through a multistep secretory process synchronized with growth
via molting. Unlike other arthropods, the combination of expansion,
molting and protein secretion within the narrow adhesion interface leads
to a nanofibrillar protein layer manipulated by shear stresses, protected by
calcite, and containing a cocktail of chemically active molecules and
proteins. Here we use in vivo imaging, mechanics, and spectroscopy of
barnacle growth and development, coupled with mass spectrometry and
proteomics to reveal much about the biophysics and biochemistry of
barnacle adhesion. We will discuss the role of interfacial processes, self-
assembly, amino acid composition, and chemical manipulation in the
construction and function of the adhesive.
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9:00am BI-MoM-3 Live Confocal Microscopy of Balanus Amphitrite
Reveals Anti-Fouling Strategy of a Marine Fouler, Kenan Fears, US Naval
Research Laboratory; B Orihuela, D Rittschof, Duke University Marine
Laboratory; K Wahl, US Naval Research Laboratory

The adhesion of hard foulers (e.g., barnacles and tubeworms) has plagued
the maritime community for as long as mankind has been setting sail. Since
the biological processes responsible for adhesion occur at buried
interfaces, elucidating the mechanisms by which foulers adhere is
challenging. Through the use of multiple fluorescent probes, peptides, and
antibodies, we have been able to discern an unprecedented level of detail
about biological processes that occur at the interface between acorn
barnacles (Balanus Amphitrite) and the underlying substratum during the
barnacle growth cycle. Barnacles secrete a lipidaceous substance around
the outside of their shell, prior to expansion that dislodges microorganisms
and biofilms to present a cleaned surface. During molting, epithelia cells
build a new interfacial cuticular layer, which becomes autofluorescent as it
is sclerotized, above the existing cuticle whose degradation coincides with
the exuviation of the main body's cuticle. Rather than being directly
secreted onto the substrate, nanostructured barnacle cement accumulates
in the space in between the new and old cuticle. As the barnacle expands,
the cuticular layers are stretched and pulled around the outside of the side
plate. The strain causes the old cuticle to randomly tear, allowing the new
cuticle to deposit cement into the interface as it is dragged across the
substrate. Furthermore, antibody staining allowed us to spatially and
temporally identify where different cement proteins are presenet. These
results illustrate that the methodologies we have developed to break down
and analyze barnacle cement collection are yielding a more accurate
representation of the proteins at the buried interface, and providing insight
on their roles which will lead to improved strategies to both combat and
mimic barnacle adhesives.

9:20am BI-MoM-4 Considering the Consequences of a Paradigm Shift in
Biofouling Management, Daniel Rittschof, B Orihuela, Duke University; K
Efimenko, J Genzer, NC State University

Present Fouling Management Strategies that use long-lived, broad-
spectrum biocides are not sustainable because they alter ecosystem
services and threaten food security. As globalization continues, human
populations increase and wild fisheries collapse there will be increasing
pressure and genuine need for less environmentally damaging approaches.
A question that should be asked up front for any new fouling management
technology is what are the environmental, food security and human health
consequences if a technology gains market share. Information on impacts
of industrial grade components, acute and chronic toxicity, breakdown and
non-toxic biological effects such as teratogenicity, carcinogenicity and
environmental steroid activity should be evaluated. This presentation looks
at a few of the details of basic silicone coatings which have had their
components purified and then tested for acute toxicity, impacts on a
hydrolytic enzyme and teratogenicity. Some components like catalysts and
small cyclics are extremely toxic. Other components impact enzyme
activity, some inhibit activity other potentiate activity. Terratogenicity
assays are so sensitive that even effects of medical grade silicones can be
demonstrated. This information needs to be taken as preliminary factual
information that can be used by engineers in developing risk benefit
analysis.

9:40am BI-MoM-5 Microbiological Fouling on Aircraft: Understanding the
Mechanisms of Polyurethane Topcoat Deterioration by Fungal Isolates,
Daniel Barlow, J Biffinger, US Naval Research Laboratory; C Hung, Air Force
Research Laboratory; L Nadeau, Air Force Institute of Technology, A
Crouch, T Zicht, Air Force Research Laboratory; J Russell, Jr., US Naval
Research Laboratory; W Crookes-Goodson, Air Force Research Laboratory

Fungal and bacterial fouling on military aircraft is a problem that can lead
to polyurethane top coat deterioration and pose health hazards to
personnel; the phasing out of hexavalent chromium in coatings is expected
to worsen fouling problems. Thus, better understanding of the relevant
microbiological interactions with polyurethanes is required to identify new
ways to inhibit fouling and associated affects. We have screened over 400
aircraft isolates for polyurethane degradation, with Cryptococcus strains
among the most aggressive polyurethane degraders. These strains were
further characterized for their capability to metabolize and grow on
expected hydrolysis products from polyester components of the polymers,
showing that fungal growth occurs to varying degrees on the metabolites.
Gas chromatography also showed that microbes metabolize polymers and
hydrolysis products to CO.. Polymer metabolization to CO; results in bulk
polymer loss and optical profilometry confirmed that fungal cells steadily
“eat” trenches into solid polyurethane films over time. Initial polyurethane
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film degradation processes at the micro and nano scales were analyzed by
confocal Raman and AFM-IR (combined AFM and infrared spectroscopy).
These results showed varying, non-uniform degradation events among
cells, indicating that variations in single cell physiology play roles in early
stage degradation. The spectroscopic results are consistent with lipase
activity as the primary driver of degradation.

10:00am BI-MoM-6 Dynamic Accumulation Assays under Laminar Flow
Conditions to Probe Attachment of Marine Biofilm Formers, Kim
Alexander Nolte, J Schwarze, A Rosenhahn, Ruhr-University Bochum,
Germany

Novel materials with environmentally benign fouling-release properties
have been developed during the last years to substitute toxic coatings.
Assessment of fouling-release coating's efficiency is of key relevance for
the down selection of chemistries. Several techniques are accessible that
quantify, how easy fouling organisms can be removed, including calibrated,
turbulent flow channels, push-off tests, water jets, and microfluidic devices
[1, 2]. We developed a laboratory assay based on a parallel plate flow
chamber that allows testing of coating candidates against algal cell
adhesion with precisely controlled flow rates and cell concentrations. Using
self-assembled monolayers as model surfaces and diatoms as model
organisms we were able to show that the adhesion strength [1] correlates
with the accumulation dynamics if an appropriate wall shear stress is
applied. Similar to the critical wall shear stress for removal assays, a range
of wall shear stresses was identified within which the discrimination
potential was maximized [3]. The setup has been parallelized to increase
throughput and to become able to test a large number of coating
chemistries per day. Due to the modular assembly of our setups, not only
model surfaces and thin organic films, but also practical coatings can be
tested.

[1] M. Alles, A. Rosenhahn, Biofouling. 2015, 31, 469-480.
[2] MP. Schultz, et al., Biofouling. 2000, 15, 243-251.
[3] K. Nolte, J. Schwarze, A. Rosenhahn Biofouling. 2017, in press

10:40am BI-MoM-8 Coatings with Amphiphilic Surfaces Via Self-
Stratification for Marine Fouling-Release Applications, Dean Webster, T
Galhenage, S Stafslien, L Vanderwal, North Dakota State University

Due to the complexity of adhesion mechanisms of marine life to surfaces, it
is becoming apparent that combating biofouling will require coatings
having complex surfaces. Specifically, coatings having mixed hydrophobic
and hydrophilic surface domains are being shown to be able to mitigate the
adhesion of a broader variety of marine organisms than can the silicone
elastomer fouling-release coatings. Since it is also desirable to have a
coating that can adhere well to a variety of substrates and stand up to
occasional cleaning, a tough coating system is needed.

The incorporation of a low surface energy polymer such as a siloxane into a
robust coating system such as a polyurethane results in stratification of the
low surface energy component to the surface. By chemically binding
hydrophilic groups to the siloxane, both functional groups stratify leading
to a polyurethane coating having amphiphilic character on the surface. By
varying the molecular parameters of the hydrophobic and hydrophilic
components, the surface composition can be tuned to achieve a range of
fouling-release properties when characterized using a broad variety of
marine organisms. Different architectures of the reactive amphiphilic
component have been explored including block and graft copolymers as
well as dual-functionalized prepolymers.

11:00am BI-MoM-9 Zero-Energy Flux Recovery in Biofouled Liquid Gated
Membranes, J Overton, Caitlin Howell, University of Maine

Membranes coated with antifouling immobilized liquid layers have been
recently shown to permit filtration while reducing surface fouling. In this
work, we test the ability of liquid gated membranes created with expanded
polytetrafluoroethylene and perfluorinated liquids to reduce the buildup of
internal pore fouling using whey protein, an extremely challenging
biological foulant. We find no differences in the decrease of flux or rate of
fouling between coated and uncoated membranes in a dead-end filtration
setup. However, upon stopping flow for 15-30 minutes, up to 70% of the
original flux can be recovered with no additional energy input. This cycle
can be repeated multiple times, with approximately 5% decrease in flux
recovery each time. We use standard fouling equations and light
microscopy to demonstrate that this zero-energy recovery may occur
within the pores of the membrane due to the refilling of the pore with
lubricating liquid, pushing the proteins off the pore walls. This work could
have important applications in filtration processes with high fouling rates,
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reducing costs associated with standard chemical or physical cleaning
methods.

11:20am BI-MoM-10 Stimuli Responsive Polymers in Biofouling and
Bioadhesion, Gabriel Lopez, University of New Mexico INVITED
This talk will review work by the Lopez lab and its collaborators on the role
of stimuli-responsive polymers in processes associated with biopolymer
adsorption, biofouling and bioadhesion. Wikipedia currently defines
stimuli-responsive (or “smart”) polymers as those that change their shape
or properties “according to the environment they are in.” From this
perspective, almost any polymer in solution that adsorbs to an interface
placed in its proximity can be thought of as a stimuli-responsive polymer. In
the present context, a less trivial distinction includes polymeric systems
that are sensitive to external fields (e.g., thermal, stress, optical, electric) in
a way as to dramatically affect tendency for adsorption or adhesion. Such
polymeric systems include synthetic polymers comprising engineered
interfaces with biologically relevant aqueous phases (brushes, solution and
vacuum deposited films, gels) and biopolymers (proteins) in aqueous
phases. These systems and their ability to dramatically influence
adsorption, attachment and adhesion are of potential use in a wide range
of biotechnological, biomedical, aquatic, marine and food production
applications including processes such as separations, assays, controlled
delivery, cell culture, packaging, energy transfer and transportation.

Spectroscopic Ellipsometry Focus Topic
Room 9 - Session EL+AS+EM+TF-MoM

Application of SE for the Characterization of Thin Films and

Nanostructures
Moderator: Tino Hofmann, University of North Carolina at Charlotte

8:20am EL+AS+EM+TF-MoM-1 Ultra-thin Plasmonic Metal Nitrides:
Optical Properties and Applications, Alexandra Boltasseva, Purdue
University INVITED
Transition metal nitrides (e.g. TiN, ZrN) have emerged as promising
plasmonic materials due to their refractory properties and good metallic
properties in the visible and near infrared regions. Due to their high
melting point, they may be suitable for high temperature nanophotonic
applications. We have performed comprehensive studies of the
temperature induced deviations to the dielectric function in TiN thin films.
The studies were conducted on 30 nm, 50 nm, and 200 nm TiN films on
sapphire substrates at temperatures up to 900 OC in the wavelength range
350-2000 nm using a custom built in-situ high temperature ellipsometry
setup. The results were fitted with a Drude-Lorentz model consisting of one
Drude oscillator and 2 Lorentz oscillators. As the temperature is elevated,
the real and imaginary parts both begin to degrade. However, the
deviations to the optical properties of TiN are significantly smaller
compared to its noble metal counterparts, with no structural degradation
in the TiN films. In addition to high temperature applications, TiN could also
be a potential material platform for investigating light-matter interactions
at the nanoscale, since high quality, continuous films of TiN can be grown
on substrates such as MgO and c-sapphire down to just a few monolayers.
Ultrathin TiN films with thicknesses of 2, 4, 6, 8, and 10 nm were grown on
MgOusing DC reactive magnetron sputtering, resulting in high quality films
with low roughness. The changes in the linear optical properties were
investigated using variable angle spectroscopic ellipsometry at angles of
50° and 70° for wavelengths from 400 nm to 2000 nm. A Drude-Lorentz
model consisting of one Drude oscillator and one Lorentz oscillator was
used to fit the measurements. As the thickness decreased, an increase in
the losses and a decrease in the plasma frequency was observed. However,
the films remained highly metallic even at 2nm, demonstrating that they
could be used for nanophotonicapplications, including nonlinear optical
devices and actively tunable plasmonic devices.

9:00am EL+AS+EM+TF-MoM-3 Magnetron Sputtering of TiN Coatings:
Optical Monitoring of the Growth Process by Means of Spectroscopic
Ellipsometry, Jiri Bulir, J More Chevalier, L Fekete, J Remiasova, M
Vondracek, M Novotny, J Lancok, Institute of Physics ASCR, Czech Republic
The plasmonic applications requires search for novel materials with metal-
like optical properties and low optical losses. Transition metal nitrides such
as TiN, TaN, ZrN, HfN, NbN exhibit metallic properties depending on
concentration of free-carrier of charge. Their plasmonic properties can be
tuned by deposition parameters controlling the film structure and the
stechiometry.
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In this work, we deal with study of growth process of TiN films. The films
are grown by RF magnetron sputtering on fused silica, silicon and MgO
substrates at substrate temperature ranging from 20°C to 600°C. The
growth process is monitored using in-situ spectral ellipsometer in spectral
range from 245 to 1690 nm. The ellipsometric data, which are obtained
during the deposition process, are attentively analysed using mathematical
models based on Drude-Lorentz oscillators.

The Lorentz oscillators are used for description of interband transition in
ultraviolet and visible spectral range, whereas the Drude oscillator
describes the free-electron behavior in the infrared spectral range. We
show that the free-electron behavior is affected by thickness of the
ultrathin coatings due to electron scattering effects at the interfaces.
Number of physical parameters such as free-electron concentration, Drude
relaxation time and electrical conductivity is estimated at each stage of the
deposition process by analysis of dielectric functions using the mentioned
model. The resulting evolution of the electrotransport properties during
the TiN film growth is presented. Special attention is devoted to the initial
nucleation stage when the free-electron behaviour is significantly
influenced by the interface between the substrate and the TiN film. Based
on evolution of electrotransport properties, we discuss differences
between polycrystalline growth of TiN film on Si and fused silica substrates
and epitaxial growth on MgO substrates.

The accomplished TiN coatings are analyzed using infrared ellipsometer
operating in spectral range from 1.7um to 30um where the optical
constants are infuenced most importantly by free-electron behaviour. The
obtained results are compared with those obtained by the in-situ
ellipsometer. Special attention is focused on scattering of free electrons at
grain boundaries and at the TiN layer interfaces. The estimated parameters
are correlated with structure changes such as grain coarsening and surface
morphology. The crystallinity is analysed by X-ray Difractometry. The
surface morphology of the completed coatings is studied using Atomic
Force Microscopy and Scanning Electron Microscopy. The TiN film
stechiometry is estimated by X-ray Photoemission Spectroscopy.

9:20am EL+AS+EM+TF-MoM-4 Variable Temperatures Spectroscopic
Ellipsometry Study of the Optical Properties of InAIN/GaN Grown on
Sapphire, Y Liang, Guangxi University, China; H Gu, Huazhong University of
Science and Technology, China; J Xue, Xidian University, China; Chuanwei
Zhang, Huazhong University of Science and Technology, China; Q Li
Guangxi University, China; Y Hao, Xidian University, China; S Liu, Huazhong
University of Science and Technology, China; Q Yang, L Wan, Z Feng,
Guangxi University, China

Indium aluminum nitride (InAIN), a prospective material for lattice matched
confinement layer, possesses the potential to improve the reliability and
performance of high electron mobility transistors (HEMTs).l!! One of the
important advantages of InAIN alloy is the possibility of growing in-plane
lattice-matched to GaN for an indium content of around 17%. However, the
bandgap we expected is hindered by the growth of high-quality InAIN films
due to the phase separation and nonuniform composition distribution.[*-2

In this work, InAIN/GaN heterostructures, grown by pulsed metal organic
chemical vapor deposition (PMOCVD) on c-plane sapphire substrates, were
investigated by a dual rotating-compensator Mueller matrix ellipsometer
(ME-L ellipsometer, Wuhan Eoptics Technology Co. Ltd., China). The
experimental data (W and A), covering the wavelength (A) range from 193
nm up to 1700 nm at 1 nm step or energy (E) from 0.73 eV to 6.43 eV, were
obtained by variable temperatures spectroscopic ellipsometric (VTSE) in
three angles (50°, 55° and 60°). The Eoptics software was utilized to fit VTSE
data using Tauc-Lorentz multiple oscillator modes. By analyzing the fitting
results, the optical constants of the InAIN at variable temperatures (25°C-
600°C) were obtained. The peak value of the refractive index increases
from 269 nm to 284 nm with increasing temperature. The bandgaps are
4.57 eV and 4.35 eV at the temperature 25°Cand 600°C, respectively. These
results demonstrated that InAIN/GaN has a high thermal stability, scilicet
no significant performance degradation in high temperature environment.

Reference
[1] Wenyuan Jiao, Wei Kong, Jincheng Li et al, Characterization of MBE-

grown InAIN/GaN heterostructures valence band offsets with varying In
composition, AIP ADVANCES 6, 035211 (2016).

[2] JunShuai Xue, JinCheng Zhang, Yue Hao, Investigation of TMIn pulse
duration effect on the properties of InAIN/GaN heterostructures grown on
sapphire by pulsed metal organic chemical vapor deposition, Journal of
Crystal Growth 401, 661 (2014).
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9:40am EL+AS+EM+TF-MoM-5 Optical Properties of Cs2AgIn(-«BixCls
Double Perovskite Studied by Spectroscopic Ellipsometry, Honggang Gu, S
Li, B Song, J Tang, S Liu, Huazhong University of Science and Technology,
China

During the past several years, the organic-inorganic lead halide perovskites
(APbXs, A = CH3NH3 or NH2CHNHz, X = Cl, Br, or I) have been promising
materials for photovoltaic, photoelectric -detecting and light-emitting
devices due to their outstanding photoelectric properties, such as broad
absorption range, high quantum efficiency, ultrafast charge generation,
high charge carrier mobility and long charge carrier lifetime and diffusion
length. However, there are two remaining challenges that need to be
addressed in order to apply these materials to photoelectric productions,
namely the compound stability and the presence of lead. Most recently,
lead-free metal halide double perovskites, such as Cs,AgBiCls and
Cs2AgInCls, have attracted extensive attention because of their nontoxicity
and relative air-stability. In the study and application of these perovskite
materials, the knowledge of their optical properties, such as the bandgap
and the basic optical constants, is of great importance to predict the
photoelectric characteristics and dig the potential of the materials.

Spectroscopic ellipsometry (SE) has been developed as a powerful tool to
characterize the optical properties as well as structure parameters of novel
materials, thin films and nanostructures. In this work, we study the optical
properties of Cs2AgInuxBixCls perovskites by a spectroscopic ellipsometer
(ME-L ellipsometer, Wuhan Eoptics Technology Co., Wuhan, China). The
refractive index and the extinction coefficient of Cs:AglnuxBixCls with
different composition coefficient x of bismuth are determined by the
ellipsometer over the wavelength range of 250-1000nm. We find that the
presence of bismuth introduces two critical points in the optical constant
spectra of the perovskites, i.e., 315nm and 382nm in the refractive index
spectra and 300nm and 375nm in the extinction coefficient spectra,
respectively. Moreover, there is a red shift in the bandgaps and significant
increase in both the refractive index and the extinction coefficient with the
increase of composition coefficient x of bismuth.

10:00am EL+AS+EM+TF-MoM-6 Charge Carrier Dynamics of Aluminum-
doped Zinc Oxide Deposited by Spatial Atomic Layer Deposition, Daniel
Fullager, G Boreman, T Hofmann, University of North Carolina at Charlotte;
C Ellinger, Eastman Kodak Company

Transparent conductors for displays, backplanes, touchscreens and other
electronic devices are an area of active research and development; in this
manner, aluminum-doped zinc oxide (AZO) has shown promise as an ITO
replacement for some applications. Although there have been numerous
reports on the optical properties and electrical conductivity of AZO, there
has not yet been a Kramers-Kronig consistent dispersion model fully
describing the charge carrier dynamics. In this presentation, we will report
on the model dielectric function of AZO from the combination of UV-Vis
and IR spectroscopic ellipsometry. A model dielectric function that
describes the optical response over this wide spectral range will be
presented and discussed. In particular, we will present a comparison
between the commonly used extended Drude models and the dielectric
function developed here in light of results obtained from density functional
theory calculations.

The AZO films analyzed in this study were deposited using a spatial atomic
layer deposition (SALD) process. While AZO can be deposited by several
techniques, including sputtering, chemical vapor deposition (CVD), and
atomic layer deposition (ALD), ALD does allow for the greatest ability to
control the aluminum-doping level of AZO. However, the range of substrate
sizes and form factors addressable by traditional chamber ALD are limited.
Conversely, spatial ALD (SALD) is an atmospheric pressure, roll-compatible
ALD process that enables the materials property control of ALD to be
translated into a wider range of applications spaces. Furthermore, the use
of selective area deposition in a “patterned-by-printing” approach enables
the high-quality AZO deposited by SALD to be easily patterned, offering an
integrated and facile path for manufacturing optical and electronic devices.

10:40am EL+AS+EM+TF-MoM-8 Broad Range Ellipsometry Shining Light
onto Multiphase Plasmonic Nanoparticles Synthesis, Properties and
Functionality, Maria Losurdo, CNR-NANOTEC, Italy INVITED
How rich are the physics, interface chemistry and optical properties
associated with the surface plasmons of metal nanostructures and their
potential for manipulating light at the nanoscale! For many technological
applications nanoparticles (NPs) are supported on a substrate, and at the
nanoscale, interaction and interfaces with the support become very
important. We have demonstrated that the substrate/NPs interaction is
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the key to engineering not only the shape but also the crystalline phase of
NPs.

This contribution will present and explore fundamental and applied aspects
of multiphase core-shell plasmonic NPs supported on substrates of
technological interest using various diagnostic tools, which comprise: (i)
spectroscopic ellipsometry spanning the THz, IR, visible, and UV
wavelength ranges, (ii) variable angle Muller Matrix ellipsometry to qualify
size effects on anisotropy and depolarization of samples, (iii) in-situreal-
time spectroscopic ellipsometry to understand growth and tailor particle
size which ultimately controls the plasmon resonance, and (iv) various
imaging and microscopies techniques to elucidate the interplay between
the nanostructure of multiphase nanoparticle and their functionality.

The case studies involve liquid-shell/solid-core plasmonic NPs (Ga, Ga/Mg),
plasmon-catalytic core/shell Ga/Pd and plasmon-magnetic Ni/Ga NPs
supported on various substrates (glass, plastics, sapphire) that control their
crystalline phases.

We will start with a description of the real-time ellipsometry capabilities in
monitoring the growth of those multiphase core/shell NPs to detect the
formation of the various phases in situ and to control the resulting plasmon
resonance.

The discussion then will shifts to a description of fundamental of
thermodynamics of substrate supported multiphase NPs and how their
growth dynamics is controlled by the interface energies, and how those
new phenomena can be highlighted by real-time ellipsometry.

Ex-situ corroborating measurements of Mueller-matrix ellipsometry and
hyperspectral cathodoluminescence spectroscopy and imaging will be
presented to discuss phenomena of depolarization and of interaction of
NPs resulting from the self-assembly.

Finally, since those NPs enable active plasmonics, we demonstrate the
implications of the multi-phase nature of NPs, as well as solid-liquid phase
coexistence on the plasmon resonance (LSPR) of supported NPs and on its
exploitation to follow in real time phenomena in their application in
catalysis (hydrogen storage and sensing) and optomagnetism and possible
future directions.

The contribution of the H2020 European programme under the project
TWINFUSYON (GA692034) is acknowledged

11:20am EL+AS+EM+TF-MoM-10 Use of Evolutionary Algorithms for
Ellipsometry Model Development and Validation using Eureqa, Neil
Murphy, Air Force Research Laboratory; L Sun, General Dynamics
Information Technology; J Jones, Air Force Research Laboratory; J Grant,
Azimuth Corporation

Eureqa, developed by Nutonian Inc., is a proprietary modeling engine
based on automated evolutionary algorithms. In this study, we utilized
Eureqga to parameterize both the amplitude and phase difference data for
reactively sputtered thin films. Specifically, evolutionary algorithms are
used to develop and validate models for fitting raw ellipsometric data for a
variety of optical materials including SiO2, Ta-20s, and Aluminum Zinc
Oxide. These films, deposited using pulsed DC magnetron sputtering, were
deposited on both silicon and fused quartz substrates, and measured using
a J.A. Woollam VASE system. The resulting models are then compared to
traditional models that are currently utilized to fit the candidate materials
systems.

11:40am EL+AS+EM+TF-MoM-11 Excitonic Effects on the Optical
Properties of Thin ZnO Films on Different Substrates, Nuwanjula
Samarasingha, Z Yoder, S Zollner, New Mexico State University; D Pal, A
Mathur, A Singh, R Singh, S Chattopadhyay, Indian Institute of Technology
Indore, India

The presence of excitonic features in the optical constants of bulk
semiconductors and insulators has been known for many years. In Si, Ge,
and GaAs, the E; critical points are strongly enhanced by two-dimensional
excitons. Three-dimensional excitons have been seen in ellipsometry
spectra for GaP and Ge. In addition to these semiconductors, wide band
gap materials like ZnO exhibit strong excitonic features in the dielectric
function (g) which is directly related to the electronic band structure. The
top valence band at the I point in the Brillouin zone is split into three bands
by spin orbit and crystal field splitting. The corresponding free exciton
transitions between the lowest conduction band and these three valence
bands are denoted by A, C (I7 symmetry) and B (s symmetry). The
transition from the B subband is forbidden for light polarized parallel to the
optical axis (extraordinary dielectric function). ZnO is attractive for
optoelectronic device applications due to its large excitonic binding energy
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of 60 meV at room temperature.The influence of this excitonic absorption
on € was described by Tanguy [1].

Here we investigate the behavior of excitons in c-oriented ZnO thin films
grown on Si (smaller band gap than ZnO) and SiO: (larger band gap than
Zn0) substrates using variable angle spectroscopic ellipsometry and FTIR
ellipsometry. We also performed X-ray diffraction (XRD), X-ray reflectivity
(XRR), and atomic force microscopy (AFM) to characterize the structural
properties of our ZnO films.

In a thin epitaxial layer on a substrate with a different band gap, the wave
functions of the electron and hole are strongly modified. In ZnO (band gap
3.37 eV) grown on a large-gap SiO: substrate (type-l1 quantum well), both
the electron and the hole are confined, which leads to an increase in the
dipole overlap matrix element. Therefore, the real and imaginary part of
of thin ZnO layers on SiO2 are much larger than in the bulk and increase
monotonically with decreasing thickness.

On the other hand, in a staggered type-ll quantum well (ZnO on Si), either
the electron is confined, or the hole, but not both. Therefore, the overlap
dipole matrix element is strongly reduced. Therefore, € of thin ZnO layers
on Si is much smaller than in the bulk and decreases monotonically with
decreasing thickness. We will fit our ellipsometric spectra by describing the
dielectric function of ZnO using the Tanguy model [1]. We will analyze the
dependence of the excitonic Tanguy parameters on quantum well thickness
and substrate material.

Reference:
[1] C. Tanguy, Phys. Rev. Lett. 75, 4090 (1995).

Electronic Materials and Photonics Division
Room 14 - Session EM+MI+TF-MoM

Growth, Electronic, and Magnetic Properties of Heusler

Compounds
Moderators: Rehan Kapadia, University of Southern California, Seth King,
University of Wisconsin - La Crosse

8:20am EM+MI+TF-MoM-1 Semiconducting Half-Heusler Heterostructures
Grown by Molecular Beam Epitaxy, Anthony Rice, S Harrington, D
Pennachio, M Pendharkar, C Palmstrgm, University of California at Santa
Barbara

Half-Heusler (hH) compounds are an attractive family of materials for a
number of applications due to their wide range of properties, including
half-metallic ferromagnetism and topologically non-trivial surface states.
Additionally, those containing 18 valence electrons per formula unit are
predicted to show a semiconducting band gap [1]. This suggests the
possibility of a single multifunctional material composed of compounds
with the same crystal structure throughout which makes use of the diverse
hH properties not accessible by traditional 11I-V technology as well as more
traditional band gap engineering.

In this presentation, the heterointerface formed between the 18 valence
electron semiconducting hHs, CoTiSb and NiTiSn, is investigated. Layered
structures with both NiTiSn and CoTiSb, have been successfully grown on
MgO(001) substrates using molecular beam epitaxy. Transmission electron
microscopy and X-ray diffraction (XRD) data suggest separate layers with
sharp interfaces. X-ray photoelectron spectroscopy (XPS) data shows no
evidence of intermixing, with component peaks attenuating as expected.
XPS is used to measure the valence band offset, which suggests a type-I
heterojunction.

Through the use of CoTiSb buffer layers, the integration of NiTSn with IlI-V
substrates is demonstrated. Previous attempts at direct growth of NiTiSn
on llI-Vs has proven unsuccessful due to the high reactivity of nickel with
II-Vs. Reflection high-energy electron diffraction intensity oscillations
during growth are observed for these structures, consistent with layer-by-
layer growth. XRD interference fringes suggest abrupt interfaces. Higher
quality NiTiSn is ultimately achieved, with lower carrier concentrations and
higher mobility. Interface transport, both laterally and vertically, is also
explored.

This work was supported in part by the Vannevar Bush Faculty Fellowship
(ONR-N0014-15-1-2845) and NSF-MRSEC (DMR-1121053). The UCSB MRL
Shared Experimental Facilities are supported by the MRSEC Program of the
NSF under Award No. DMR 1121053; a member of the NSF-funded
Materials Research Facilities Network. A part of this work was performed in
the UCSB Nanofabrication Facility which is a part of the NSF funded
National Nanotechnology Infrastructure Network.
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[1] T. Graf, C. Felsar, and S. Parkin. Progress in Solid State Chemistry 39
(2011) 1-50

8:40am EM+MI+TF-MoM-2 Towards Topotronics: Combining Chemical
Potential Tuning and Strain Engineering to Realize Surface Dominated
Transport in Topological Heusler Thin Films, Shouvik Chatterjee, J Logan,
N Wilson, M Pendharkar, C Palmstrgm, University of California at Santa
Barbara

Heusler compounds have emerged as an exciting material system where
realization of functional and tunable novel topological phases might be
possible[1-4]. PtLuSb is one such compound that has been shown to host
topologically non-trivial surface states[5]. However, being a semi-metal
without a bulk band gap, exotic transport and thermodynamic properties
expected from topological surface states are obscured by contributions
from trivial bulk carriers that limits possible device applications[6].
Furthermore, natural defects in the compound leads to unintentional p-
type doping resulting in the surface Dirac point lying above the chemical
potential[5,6,7].

In this talk, | will present our efforts to address both these issues by a
combination of carrier doping and substrate induced bi-axial strain to shift
the chemical potential and attempt to open up a bulk gap, respectively. |
will show experimental evidence of chemical potential tuning in Au alloyed
Pt1xAuxLuSb thin films where the surface Dirac point can be pushed below
the Fermi level. In addition, it is possible to open a bulk-band gap by
application of compressive bi-axial strain on thin films synthesized on
lattice mismatched substrates. Realization of surface dominated transport
in topological Heusler thin films will open up avenues for realization of
many exotic phenomena such as quantum anomalous Hall effect[8], axion
insulators[9], topological superconductivity[10] and their potential device
applications.

References:

1. S.Chadov et al, Nature Mater, 9, 541 (2010)

2. H.Llin et al, Nature Mater, 9, 546 (2010)

3. J.Ruan et al, Nature Commun, 10, 11136 (2016)

4. C. ). Palmstrgm, Prog. Cryst. Growth Charact. Mater,62, 371-397

(2016)

J. Logan et al, Nature Commun, 7, 11993 (2016)

S. ). Patel et al, Appl. Phys. Lett., 104, 201603 (2014)

Y. G. Yu, X. Zhang and A. Zunger, Phys. Rev. B, 95, 085201 (2017)
C-Z. Chang et al, Science, 340, 167 (2013)

. L. Wuetal, Science, 354, 1124 (2016)

10. L.Fuand C. Kane, Phys. Rev. Lett,100, 096407 (2008)
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9:00am EM+MI+TF-MoM-3 Topology, Magnetism, and Superconductivity
in Ternary Half-Heusler Semimetals, Johnpierre Paglione, University of
Maryland, College Park INVITED
In materials with non-centrosymmetric crystallographic structures, it has
long been known that the lack of inversion symmetry can give rise to odd-
parity spin-triplet pairing states. We report superconductivity and
magnetism in a new family of topological semimetals, the ternary half
Heusler compounds RPtBi and RPdBi (R : rare earth). In this series, tuning of
the rare earth f-electron component allows for simultaneous control of
both lattice density via lanthanide contraction, as well as the strength of
magnetic interaction via de Gennes scaling, allowing for a unique tuning of
both the normal state band inversion strength, superconducting pairing
and magnetically ordered ground states. Antiferromagnetism with ordering
vector (0.5,0.5,0.5) occurs below a Néel temperature that scales with de
Gennes factor, while a superconducting transition is simultaneously linearly
suppressed. With superconductivity appearing in a system with non-
centrosymmetric crystallographic symmetry as well as p-orbital derived
spin-3/2 quasiparticles, the possibility of high-spin Cooper pairing (i.e.
beyond triplet) with non-trivial topology analogous to that predicted for
the normal state electronic structure provides a unique and rich
opportunity to realize both predicted and new exotic excitations in
topological materials.

9:40am EM+MI+TF-MoM-5 Electron Counting, Surface Reconstructions,
and Electronic Structure of 18 Electron Half Heuslers, Jason Kawasaki,
University of Wisconsin - Madison,; A Janotti, University of Delaware; C
Palmstrgm, University of California at Santa Barbara

Half Heusler compounds (composition ABC) show great promise for the
development of earth abundant thermoelectrics, half metallic
ferromagnets for spin injection, and topological heterostructures. In these
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applications, the electronic structure of surfaces and interfaces are critical
to materials performance. However, little is known about how and why the
surfaces of these materials reconstruct or their direct effect on electronic
properties. Using a combination of molecular beam epitaxy, angle resolved
and core level photoemission, scanning tunneling microscopy, and density
functional theory (DFT), we investigate the stability, reconstructions, and
electronic surface states on the (001) surfaces of CoTiSb, NiTiSn, and
FeVSb. These compounds are representative of a large class of 18 valence
electron Half Heuslers that are expected to be semiconducting. We find
that reconstructions in these compounds are characterized by C site (group
IV or V) dimerization, as in IlI-V semiconductors, and this dimerization
coincides with B site vacancies at the surface. We explain these trends
using a simple electron counting model, and predictions from the model
are in good agreement with both the experimental data and with DFT
calculations. Our combined theoretical and experimental studies provide a
rationale for understanding and controlling reconstructions and resultant
electronic surface states in Heuslers.

10:00am EM+MI+TF-MoM-6 Computational Investigation of Heusler
Compoundss for Spintronic Applications, Jianhua Ma, University of
Virginia, W Butler, University of Alabama

We present first-principles density functional calculations of the electronic
structure, magnetism, and structural stability of 378 XYZ half-Heusler, 405
X2YZ inverse-Heusler, 576 X;YZ full-Heusler compounds. We find that a
“Slater-Pauling gap” in the density of states in at least one spin channel is a
common feature in Heusler compounds. We find that the presence of such
a gap at the Fermi energy in one or both spin channels contributes
significantly to the stability of a Heusler compound. We calculate the
formation energy of each compound and systematically investigate its
stability against all other phases in the open quantum materials database
(OQMD). We represent the thermodynamic phase stability of each
compound as its distance from the convex hull of stable phases in the
respective chemical space and show that the hull distance of a compound
is a good measure of the likelihood of its experimental synthesis. We find
low formation energies and mostly correspondingly low hull distances for
compounds with X = Co, Rh, or Ni, Y=Tior V, and Z = P, As, Sb, or Si in half-
Heulser compounds. In the half-Heusler family, we identify 26 18-electron
semiconductors, 45 half-metals, and 34 near half-metals with negative
formation energy that follow the Slater-Pauling rule of three electrons per
atom. In the inverse-Heusler family, we identify 14 asymmetric 18-electron
semiconductors, 50 half-metals, and 42 near half-metals with negative
formation energy. In the full-Heusler family, we identify 8 24-electron
semiconductors and 23 half-metals with negative formation energy. Our
calculations predict several new, as-yet unknown, thermodynamically
stable phases, which merit further experimental exploration—RuVAs,
CoVGe, FeVAs in the half-Heusler structure, and NiScAs, RuVP, RhTiP in the
orthorhombic MgSrSi-type structure. Further, two interesting zero-moment
half-metals, CrMnAs and MnCrAs, are calculated to have negative
formation energy. In addition, our calculations predict a number of hitherto
unreported semiconducting (e.g., CoVSn and RhVGe), half-metallic (e.g.,
RhVSb), and near half-metallic (e.g., CoFeSb and CoVP) half-Heusler
compounds to lie close to the respective convex hull of stable phases, and
thus may be experimentally realized under suitable synthesis conditions,
resulting in potential candidates for various semiconducting and
spintronics applications.

11:00am EM+MI+TF-MoM-9 Growth, Electronic, and Magnetic Properties
of Half-Heusler CoTii«FesSh, Sean Harrington, A Rice, T Brown-Heft, A
McFadden, M Pendharkar, University of California at Santa Barbara, O
Mercan, L Colakerol Arslan, Gebze Technical University, Turkey, C
Palmstrgm, University of California at Santa Barbara

Recent predictions suggest the semiconducting half-Heusler compound,
CoTiSb, exhibits half-metallicity when substitutionally alloyed with Fe.
However, to date, few studies have examined the growth of high-quality
single crystal thin films of Fe-alloyed CoTiSb. Here, we report the epitaxial
growth of the substitutionally alloyed half-Heusler series CoTiixFexSb by
molecular beam epitaxy and the influence of Fe on the structural,
electronic, and magnetic properties. CoTi-1xFexSb epitaxial films are grown
on InAlAs grown on InP (001) substrates for concentrations 0<x<1. The
films are epitaxial and single crystalline, as measured by reflection high-
energy electron diffraction and X-ray diffraction. For films with higher Fe
content, a lower growth temperature is necessary to minimize interfacial
reactions. Using in-situ X-ray photoemission spectroscopy, only small
changes in the valence band spectra from pure CoTiSb are detected. For
films with x>0.05, ferromagnetism is observed in SQUID magnetometry
with a Curie temperature >400K. The saturation magnetization of the series
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increases linearly with Fe content as 3.4 ps/Fe atom. In comparison, there
is @ much smaller magnetic moment when the Fe is substituted on the Co
site (CoixFexTi-Sb) indicating a strong dependence of the magnetic
moment with site occupancy. A cross over from both in-plane and out-of-
plane magnetic moments to only in-plane occurs for higher concentrations
of Fe. Ferromagnetic resonance indicates a transition from weak to strong
interaction as Fe content is increased. Temperature dependent transport
shows a gradual semiconductor to metal transition with thermally
activated behavior for x<0.3. Anomalous Hall effect and magneto
resistance are investigated for the x=0.3 and x=0.5 films revealing large
differences in the electronic scattering mechanisms and transport behavior
depending on Fe content.

11:20am EM+MI+TF-MoM-10 High Spin-Polarization and Perpendicular
Magnetic Anisotropy in Single-Crystal Full-Heusler Co.MnAl/Fe;MnAl
Superlattice, Tobias Brown-Heft, A McFadden, J Logan, University of
California at Santa Barbara; C Guillemard, University of Lorraine, France; P
Le Fevre, F Bertran, Synchrotron SOLEIL, France; S Andrieu, University of
Lorraine, France; C Palmstrgm, University of California at Santa Barbara
Ferromagnetic contacts are used as a source of spin-polarized current in
many spintronic devices. Desired properties for ferromagnetic contacts
used in magnetic tunnel junctions and other next-generation memory
elements are perpendicular magnetic anisotropy and 100% spin
polarization at the Fermi level (half-metallicity). Heusler compounds are
strong candidates for this purpose as many have been predicted and
observed to be half-metals (e.g. Co:MnSi), while others exhibit
perpendicular magnetic anisotropy (e.g. Co.FeAl/MgO(001)). However,
until now both properties have not been observed by experiment in a
single material. J. Azadani et al have predicted that perpendicular
anisotropy can be combined with half-metallicity by growing atomic-period
superlattices of two different Heusler compounds [1]. We have successfully
grown a single-crystal superlattice formed by layers of Co.MnAl and
Fe:MnAl with periodicity of one to three unit cells using molecular beam
epitaxy. X-ray diffraction reciprocal space mapping reveals that the
superlattice is compliant to the substrate to at least 20 nm film thickness,
sustaining strains from -3.0% (tensile) on MgO(001) to +2.3% (compressive)
on GaAs(001). The film strain is accommodated via tetragonal distortion of
c/a = 0 .96 to 1.06, respectively. The tetragonal distortion on GaAs(001)
contributes to perpendicular magnetic anisotropy, resulting in films
exhibiting out-of-plane magnetic easy axes at temperatures below 200K.
Films with aluminum content higher than nominal stoichiometry may also
help to induce perpendicular magnetization by reducing saturation
magnetization, thereby lowering thin-film shape anisotropy. Superlattice
structure was verified using electron energy loss spectroscopy in TEM,
which shows low interface diffusion of cobalt and iron and high elemental
contrast between individual superlattice layers. S pin polarization of >90%
near the Fermi level has been measured directly via spin-resolved
photoemission spectroscopy. Spin-resolved photoemission spectra suggest
that the termination layer near a tunnel barrier interface should be
Co:MnAl-like, and may benefit from further composition tuning. This work
was supported in part by C-SPIN, one of the six centers of STARnet, a
Semiconductor Research Corporation program, sponsored by MARCO and
DARPA. We also acknowledge support from the Vannevar Bush Faculty
Fellowship.

[1]J. G. Azadani et al. J. Appl. Phys. 119, 043904 (2016).

11:40am EM+MI+TF-MoM-11 Formation of the Epitaxial MgO/Full-
Heusler Co2MnSi Interface: Oxygen Migration and Elemental Segregation,
Anthony McFadden, T Brown-Heft, N Wilson, J Logan, C Palmstrgm,
University of California at Santa Barbara

Magnetic tunnel junctions (MTJs) are an increasingly important emerging
technology for both magnetic random access memory (MRAM) and
spintronics applications. MTJs utilizing CoFeB magnetic electrodes and MgO
tunneling barriers have received considerable interest for use in MRAM as
desirable properties including perpendicular magnetic anisotropy, high
tunneling magnetoresistance ratio, and current induced switching have
been demonstrated. While CoFeB/MgO based MTJs have demonstrated
remarkable performance, devices utilizing ferromagnetic Heusler
compounds have the potential to surpass CoFeB based technologies due to
a much higher predicted spin polarization. In addition, many Heusler
candidates have even been predicted to be half-metallic (100% spin
polarized at the Fermi-level). Of all predicted half-metals, the full-Heusler
Co2MnSi has received considerable attention as it is quite stable (AHf = -
0.441 eV/atom), has a high Curie temperature (T.=985K), and a large
minority-spin energy gap (571 meV). While Heusler based MTJs have the
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potential to surpass current CoFeB based technology, the spin polarization
of Heusler compounds has been shown to be sensitive to atomic ordering,
adding an additional challenge to materials growth and integration.

In the present work, the formation of the MgO/Co.MnSi(001) interface has
been studied in-situ using X-ray photoelectron spectroscopy (XPS). Co.MnSi
layers were grown on Cr-buffered MgO(001) substrates by coevaporation
of elemental sources in ultrahigh vacuum while MgO was grown on the
Co:MnSi layers using e-beam evaporation of stoichiometric source
material. It was found that partial oxidation of the Co.MnSi surface was
unavoidable during e-beam evaporation of MgO with oxygen bonding
preferentially to Mn and Si. Interestingly, oxidation draws Mn and Si to the
surface, resulting in an MgO/Co:MnSi interface with composition
significantly different from the unoxidized Co-MnSi surface. In addition,
Mn and Si oxides at the MgO/Co.MnSi interface were reduced following
annealing in UHV with a corresponding migration of oxygen from the
interface into the MgO. The results of XPS studies have been correlated
with temperature dependent transport measurements of fully epitaxial
CoFe/MgO/Co:MnSi MTJs which were observed to be highly sensitive to
post-growth annealing temperature.

MEMS and NEMS Group
Room 24 - Session MN+BI+NS-MoM

Feature Session: Large Scale Integration of Nanosensors
Moderators: Wayne Hiebert, University of Alberta and The National
Institute for Nanotechnology, Robert Davis, Brigham Young University

8:20am MN+BI+NS-MoM-1 Large Scale Integration: A Not-so-simple Cure
for Loneliness of Silicon Nanoresonators, Sébastien Hentz, Cea Leti, France

INVITED
After two decades of pioneering work, Nano Electro Mechanical Systems
are only starting to fulfil (some) of their huge promises, in particular for
sensing. A few start-up companies have been created in the last few years,
but NEMS are still far from the industrial success of their micro-
counterparts. Among others, one reason is the increasing difficulty to
interface the "real-world" quantities to sense with the extremely small size
of nanomechanical resonators. An easy to understand example of this is
mass sensing: there is huge size mismatch between the NEMS capture
cross section (in the um?range) and an actual particle beam size that one
can produce (in the mm to 10mm? range). Most of the particles to detect
are lost. Industrial applications may require the use of large arrays
comprising from 10's to 10000's NEMS.

LETI has been working on nanomechanical resonators for a number of
applications in the last ten years and have been pioneering their fabrication
with Very Large Scale Integration processes. State of the art performance
(signal to background ratio, signal to noise ratio, frequency stability...) has
been reached with single silicon resonators and specific transduction
means adapted to VLS| technologies. The real strength of VLSI though, as
evidenced every day by microprocessor fabrication is the possibility to
process a large number of devices operating in sync with great
reproducibility and control.

We investigated several types of NEMS arrays in the past at LETI. Arrays
comprising typically a few 1000 resonators all connected in parallel for gas
sensing have been demonstrated. Smaller arrays with the ability to weigh
and localize single particles via frequency addressing have been tested too
for mass spectrometry applications. LETI has also been pioneering NEMS
co-integration with CMOS in the last decade or so and several technologies
have been explored. We took advantage of this know-how to fabricate
large and dense arrays of NEMS-CMOS arrays for mass sensing
applications.

9:00am MN+BI+NS-MoM-3 Nanomechanical Sensors (MSS, AMA) Toward
loT Olfactory Sensor System, Genki Yoshikawa, National Institute for
Materials Science, Japan INVITED
Owing to their intrinsic versatility, nanomechanical sensors have potential
to cover a wide range of olfactory sensing applications in various fields
including food, agriculture, medicine, security, and environment. Based on
the newly developed platform "Membrane-type Surface stress Sensor
(MSS)," we are now trying to realize useful nanomechanical sensor systems
which can fulfill the practical requirements, such as portability, low-cost,
ease of use, in addition to the basic specifications, e.g. high sensitivity and
selectivity. While the MSS provides a practical sensing element, a consumer
mobile/IoT sensor system requires further optimization and integration of
lots of components including receptor layers, hardware including
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electronics and sample handling, multidimensional data analysis, and
precise calibration for high reproducibility. To establish a de facto standard
for odor analysis and sensor systems employing the nanomechanical MSS
technology, the "MSS Alliance" was launched jointly with companies and a
university. In addition, "Aero-Thermo-Dynamic Mass Analysis (AMA),"
which we have recently developed, will provide another approach to
characterizing gases by directly measuring molecular weight in ambient
condition without a vacuum or ionization. In this talk, the overview of the
MSS, AMA, and the related technologies ranging from the optimization
scheme of the sensor chip to system level developments will be presented.

9:40am MN+BI+NS-MoM-5 Micro-Gas Chromatography Linked with Nano-
optomechanical Systems for Breath Analysis, Khulud Almutairi, University
of Alberta, Canada;, W Hiebert, National Institute for Nanotechnology,
Canada

One of the applications of microfabrication and nanofabrication
technologies is fabricating a micro-Gas Chromatography (GC) on a chip. The
miniaturized GC system is designed for the rapid determination of volatile
organic compounds (VOCs) that can be used in remote locations with low
consumptions and cost of utilization. It was reported that specific VOCs can
be found in exhaled breath sample from patients suffering from lung
cancer [1]. Therefore, designing a pGC device can help in separating and
analyzing VOCs that comes from exhaled breath samples, such as acetone,
benzene and toluene.

Our group has reported that connecting Nano-optomechanical systems
(NOMS) to Gas Chromatography can enhance the detection sensitivity limit
of VOCs up to 1 ppb [2]. This presentation will feature our first efforts in
connecting pGC with NOMS for higher sensitivity and responsivity. In
particular, we will discuss our NOMS sensor chips with microheaters for
localized control of sensor temperature. One of our goals is to move
toward large scale integration of GC analysis by simultaneously sensing at
multiple temperatures.

REFERENCES:

[1] Mazzone, Peter J. "Exhaled breath volatile organic compound
biomarkers in lung cancer." Journal of breath research 6, no. 2 (2012):
027106.

[2] Venkatasubramanian, Anandram, Vincent TK Sauer, Swapan K. Roy,
Mike Xia, David S. Wishart, and Wayne K. Hiebert. "Nano-optomechanical
systems for gas chromatography." Nano Letters 16, no. 11 (2016): 6975-
6981.

10:00am MN+BI+NS-MoM-6 Micro Chladni Figures and Multimode
Manipulation of Breast Cancer Cells in Liquid, Hao Jia, H Tang, Case
Western Reserve University; X Liu, H Liu, Northwestern University; P Feng,
Case Western Reserve University

Non-invasive, microscale positioning of delicate biological cells can foster
fundamental research involving probing cellular properties and controlling
cellular behaviors and interactions [1-3], which lead to a multitude of
applications, such as disease screening, tissue engineering, etc.

Here we demonstrate that microscale manipulation of breast cancer cells
can be achieved in a fast and non-invasive manner through exploiting
multimode micromechanical systems. We design edge-clamped diaphragm
resonators (~300um in length scale) and piezoelectrically excite their
mechanical resonances (within 50-500 kHz) in fluidic environment. The
transverse vibrations induce localized, microscale hydrodynamic flow that
can aggregate microbeads (3.6um-diameter) on device surfaces into a
variety of one- and two-dimensional (1D and 2D) ‘Chladni figures’ [4]
(optical images in Fig.1la & b). This phenomenon allows us to further
manipulate single or a group of breast cancer cells (MDA-MB-231, 15um-
diameter), in both 1D and 2D fashions, at a speed of ~4um/s (fluorescent
images in Fig. 1a & b). By simply programming the piezoelectric excitation
frequency, we achieve dynamic control of cancer cell spatial distributions,
switching between mode patterns.

We further demonstrate that such multimode resonator platform can
facilitate cellular-level biological studies, such as evaluating cellular
adhesive interactions and its connection with cancer biomarker (e.g.,
CD44). As shown in Fig.2, by exploiting the ‘Chladni figure’ phenomenon,
and carefully selecting 2 resonance modes of a square diaphragm, e.g.,
Mode (1,1) and Mode (3,3), a controlled number of MDA-MB-231 cells can
be quickly manipulated into single cluster and then forced to break as the
excitation voltage of Mode (3,3) gradually increases. Cancer cells with CD44
gene knocked out by CRYSPR technology are named as CD44 cells, while
those with CD44 gene maintained named as CD44* (control) cells. The
break of CD44- cell cluster after 0.8V, in Fig. 2 indicates that they form
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much weaker adhesive interactions than CD44* cells do, which indicates
that CD44 plays a significant role in the metastatic breast cancer cell
clustering.

[1] E.E. Hui, et al., PNAS 104, 2007.

[2] H. Zhang, et al., J. R. Soc. Interface 5, 2008.

[3] X. Ding, et al., PNAS109, 2012.

[4] E.F.F. Chladni, Entdeckungen (iber die Theory des Klanges,1787.

10:40am MN+BI+NS-MoM-8 Microfabrication and Assembly Processes for
Integrating Microelectrode Arrays into Tissue-Engineered Scaffolds for
Novel Nerve Interfaces, Jack Judy, C Kuliasha, P Rustogi, S Natt, B
Spearman, S Mohini, J Graham, E Atkinson, E Nunamaker, K Otto, C
Schmidt, University of Florida INVITED
To advance fundamental understanding and develop therapies for
neurological disease or injury, microfabricated implantable electrode
arrays have been designed and manufactured to stimulate and record
neural activity. The materials in these implants, as well as the processes
used to integrate them together, must be carefully selected to maximize
biocompatibility, device performance, and overall reliability. For upper-
limb amputees, nerves are a promising neural-interface target to control
sophisticated robotic limbs. Recent advances have shown that nerve
stimulation can provide natural sensory feedback. In contrast, it is currently
not possible to extract large-scale, high-resolution, and reliable movement-
intent signals from nerves. To provide rapid and precise limb control and
elicit high-resolution sensory percepts, a nerve interface needs many
independent motor and sensory channels. Unfortunately, all existing non-
invasive and non-regenerative nerve interfaces grossly under-sample the
heterogeneous population of efferent and afferent axons. Although tissue
engineering, nerve regeneration, and implantable neural-electronic
interfaces are individually well-established fields, the concept of merging
these fields to create scalable, and high-performance neural interfaces has
not been extensively explored. To overcome the scalability challenge, we
present a novel approach. Specifically, we describe a hybrid tissue-
engineered electronic nerve interface (TEENI), which consists of multi-
electrode polyimide-based “threads” embedded into a biodegradable
hydrogel composite scaffold that is sutured to the ends of a transected
nerve. Single or multiple thread sets can be incorporated in the hydrogel to
enable the TEENI implant to comprehensively engage with the nerve. These
polyimide threads will be fully enveloped and held precisely in position
during implantation by the hydrogel scaffold, which has properties
optimized to reduce foreign-body response. Eventually, the hydrogel will
degrade and be replaced with regrown and maturing axons. Since the
TEENI approach is scalable to high channel counts over the nerve volume,
we believe TEENI nerve interfaces are well positioned to comprehensively
capture movement-intent information and impart sensory-feedback
information so that upper-limb amputees can get the most out of their
prosthetic limbs.

11:20am MN+BI+NS-MoM-10 Magnetically Actuated Synthetic Cilia for
Microfluidics, Peter Hesketh, S Hanasoge, M Ballard, Georgia Institute of
Technology; M Erickson, University of Georgia,; A Alexeev, Georgia Institute
of Technology INVITED
Many bacteria use cilia for swimming, sensing and signal transduction.
These functions are achieved by manipulating the fluid around the cilia
with continuous and synchronised asymmetric beating patterns . We have
fabricated arrays of synthetic cilia using thin film deposition of NiFe thin
films. The cilia are able to manipulate fluid in these creeping flow regimes
by creating an asymmetry in the forward and recovery strokes. We propose
to use artificial cilia in microfluidic devices to perform different functions
including mixing, fluid transport, and particle capture.

We use a simple rotating magnet to actuate the cilia array and observe a
large asymmetry in the bending pattern of these cilia in the oscillation
cycle. We analyze the asymmetric strokes of the cilia by imaging from the
side view and quantify the asymmetry between forward and recovery
strokes as a function of drive frequency. These asymmetric oscillations are
important in creating any microfluidic transport phenomenon such as
pumping, mixing and capture in a microchannel as demonstrated in this
work. Computational modeling was also used to simulate the motion of the
cilia over a broader range of design parameters. We show the dependence
of the ciliary performance on several non-dimensional numbers based on
the balance of magnetic, viscous and elastic forces acting on the cilia.

The motivation for this work is to improve the quality of sampling for the
detection of bacteria and virus in food. Detecting low concentrations of
bacteria in food samples is a challenge. The pre-concentration and
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separation of the target bacteria from the food matrix can be enhanced
using improved fluid handling. We demonstrate particle capture with cilia,
by functionalizing the surface of the cilia with streptavidin protein and
capturing biotin labelled particles on its surface. The functionalized cilia are
incorporated inside a microchannel and biotin labelled particles are
introduced into array of the cilia. Likewise, these artificial cilia find varied
application in many lab on a chip devices where active fluid transport is
needed.

Plasma Science and Technology Division
Room 21 - Session PS+AS+SE-MoM

Atmospheric Pressure Plasmas
Moderators: Olivier Guaitella, Ecole Polytechnique - CNRS, France, Seiji
Samukawa, Tohoku University, Japan

8:20am PS+AS+SE-MoM-1 Study of Atmospheric-pressure kHz Multi-jet
Plasma System, Vladimir Milosavljevic, J Lalor, L Scally, P Cullen, Dublin
Institute of Technology, Ireland

Non thermal plasmas can be generated in laboratory conditions using
generic, readily available and easily sourced components. Examples include
glass tubing, copper or stainless wire electrodes, metal mesh, plastic
enclosures, and step-up transformer based power supplies. Such sources,
although effective, may not offer optimised conditions or efficiencies. In
many cases they may not sustain extended operation due to excess
thermal and electrical breakdown. Second-generation laboratory apparatus
and scaled up designs involve selected materials, custom machined
components, electrodes based on calculated requirements, and suitably
designed or sourced power supplies. These assemblies will offer a more
accurate theoretical and empirical view of the plasma performance. The
inclusion of a material selection software tool for the rational selection of
engineering materials can provide detailed information relating to the
mechanical thermal and electric properties. Developing a non-thermal
atmospheric plasma source involves three important factors for material
selection. Firstly the application and operating conditions of the design
needs to be examined; is it to be handheld, exposed to ambient air or
contained in an enclosure. For many plasma sources, certain polymers offer
an ideal material, for other configurations, composites or metals may be
best. Secondly, does the source need to facilitate a controllable
environment in which to generate the plasma, in other words, is it
necessary to purge or evacuate the enclosure in order to accurately control
the gas chemistry, if this is the case, a choice of material for this housing
and containment area must be considered. The third factor is the material
selection for the conducting elements, namely the cables, electrodes and
grounding components. Typical electrode metals include copper,
aluminium, brass and stainless steel.

In this work 12 circular plasma jets are presented. They are designed and
built in-house, and power up with a single phase generator of 10-30 kV, at
10-100 kHz that powers up to 2 kW. Voltage-current measurements and
optical emission spectroscopy (OES) are applied for optimization of
transient discharges operated for several different gas chemistry at
atmospheric pressure. The influence of applied voltage, frequency, gas flow
rate and gas chemistry in relation with the OES signal, plasma plume
formulation, gas velocity and electrical properties of plasma jets are the
objectives of this study.

This work was funded under the 'PlasmaGrain’ project funded by the SFI,
Republic of Ireland.

8:40am PS+AS+SE-MoM-2 Synthesis of Nitrates by Atmospheric
Microplasma Over Water : Effect of the Experimental Parameters and
Intermediate Species, Nicolas Maira, C De Vos, F Reniers, Université Libre
de Bruxelles, Belgium

Nowadays, nitrates are used mainly as fertilizers in agriculture. They are
produced by the combination of the Haber-Bosch and Ostwald process.
Industry, throughout the years, has increasingly optimized the energetic
yield of this synthesis. Nevertheless, this method requires the use of a
hydrogen source, essentially extracted from fossil fuel. Moreover, nitrates
synthesized in colossal plant factories have to be shipped to the end-user.
However, in some applications such as hydroponics or urban agriculture,
the local production of pure nitrates fertilizers directly available in the
flowing water feeding system would be of great interest.

In this study, the same philosophy as for the ozone process is applied:
taking advantage of the composition of natural air in order to synthesize
nitrates directly in a solution [1]. The mechanism of formation of nitrates
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using an atmospheric microplasma discharge operating in air or in argon in
an open air environment is investigated. The effect of the treatment time,
the discharge current and power, the water surface — capillary distance,
and the solution pH on the formation of nitrogen oxides in the gas phase
and in solution is studied. The liquid phase is analyzed by lonic
Chromatography (IC), UV-visible spectrometry (UV-vis) and pH-metry,
whereas the gas phase is probed by Optical Emission Spectroscopy (OES)
and atmospheric Mass Spectrometry (MS).

The total amount of NOx formed in a solution shows a linear trend with the
total charge injected into the plasma with however different slopes for
nitrites (NO2’) and nitrates (NOs’). The reaction mechanism involves the
formation of gas phase NO, as evidenced by OES. It is known that the
synthesis of nitrates is pH-dependent [2]. In an acidic solution with a pH
below 3, the formation of nitrates is favored whereas a higher pH allows
the formation of nitrites which are oxidized in nitrates after the treatment.
The transformation of nitrites into nitrates after plasma synthesis is
monitored by IC during time and seems to follow a logarithmic trend. The
performed experiments allow the determination of the amount of energy
required to form a mole of nitrate in this set-up.

[1] Fridman A. Plasma Chemistry, Cambridge University Press, 2008, 382-
398

[2] Machala Z., Tarabova B., Hensel K., Spetlikova E., Sikurova L., Lukes P.
Formation of ROS and RNS in water electro-sprayed through transient
spark discharge in air and their bactericidal effects, Plasma Processes and
Polymers, 10, 649-659, 2013.

9:00am PS+AS+SE-MoM-3 Plasma Catalysis for CO2 and CH4 Conversion at
Atmospheric Pressure, A Ozkan, S Chorfi, L Brune, T Visart de Bocarmé,
Frangois Reniers, Université Libre de Bruxelles, Belgium

The field of plasma-catalysis, i.e. combining a plasma process and a
catalyst, either inside the plasma or in its post-discharge is gaining
importance for the conversion of CO, and CHs mixtures. Indeed, the
combination of plasma and catalysis could not only increase the conversion
of these gases, but also orient the reaction(s) towards the synthesis of
valuable molecules.

This paper will present first the main factors that influence the conversion
and the energy efficiency for the reduction of CO, using an atmospheric
pressure dielectric barrier discharge. Second, an alumina supported
catalyst will be added between the electrodes and its effects on the
conversion of pure CO,, pure CHs and CO,/CHa mixtures will be presented.
Ni, Co, Cu have been tested, as well as various loadings of Ni.

The conversion is studied by atmospheric mass spectrometry, and the
chemical identification of the end products was obtained either by mass
spectrometry or gas chromatography.

It is shown that the frequency, the pulse mode, the dielectric nature and
thickness strongly influence the conversion and energy efficiency of the
reaction, whereas the residence time and the power injected into the
discharge modify the conversion[1]. An increase in the Ni loadings leads to
an increase in conversion of both CO; and CHa. If CO and Ha, starting
molecules for more complex organic chemistry, are always the main
products of reaction, C2, C3 and C4 molecules, oxygenated or not are also
detected. The effect of the nature of the catalyst on the relative amounts
of these molecules is discussed.

[1] : A. Ozkan, A. Bogaerts, F. Reniers, J. Phys. D: Appl. Phys. 50 (2017)
084004, doi:10.1088/1361-6463/aa562c

9:20am PS+AS+SE-MoM-4 Aluminium Surface Plasma Treatment at
Atmosphere Pressure, Lucia Bonova, | Shchelkanov, C Ahn, S Chaudhuri, D
Ruzic, University of lllinois at Urbana-Champaign

Plasma surface treatment at atmosphere pressure is a fast growing
industry. Among other applications, surface treatment of metals for
adhesion and corrosion resistance improvement has attracted widespread
interest. Being operated at atmosphere pressure, various types of plasma
discharge devices provide efficient, cheap and large scale processing
capabilities. In this area, surface treatment of aluminium for surface
properties modification is of great interest as it can decrease steps in
process for final coating deposition, reduce usage of harmful chemical
reagents, which in their turn require costly dispose procedures, and
increase functional coatings performance.

The ECAP experiment (Evaporative Coatings at Atmosphere Pressure) was
developed at CPMI (Center for Plasma Materials Interaction at UIUC) as a
device and a method for multicomponent metal coatings deposition at
atmosphere pressure utilizing a 2.45 GHz microwave plasma torch. The
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device is capable of coating deposition from a solid metal state and from
gas carried precursors as well as composites with processing gas like ZrO.
These capabilities make ECAP a very flexible tool for gradient coating
deposition for surface functionalization and adhesion improvement. In this
gradient coating, the alumina facing materials is gradually replaced with a
second layer material with perfect adhesion for final functional coating.

Current work discusses several methods, which were used to improve
aluminium surface wettability and adhesion to an epoxy. As a fundamental
experiment, we have conducted the simple treatment on aluminium plate
by ECAP which operated with feedstock gas of evaporated H.0 and He. It
shows remarkable enhanced epoxy adhesion on aluminium sample against
the control condition. System configuration for roll-to-roll applications and
broad area coatings/cleaning are also discussed.

9:40am PS+AS+SE-MoM-5 The Role of Bulk Liquid Transport Processes in
the Plasma-Liquid Interfacial Chemistry, Selma Mededovic Thagard, M
Vasilev, D Bohl, P Conlon, Clarkson University INVITED
Plasmas formed directly in and contacting a liquid are powerful sources of
reactive radicals, ions and high-energy electrons and have been
successfully used to sterilize water and fruit juices, purify water, synthesize
materials and nanoparticles, and for applications in plasma medicine,
electrical transmission, and polymer surface treatment. Nevertheless,
despite the obvious versatility in processing capabilities, the optimization
and broader application of electrical discharge plasmas in and contacting a
liquid have been limited due to a general lack of understanding of the
underlying physical and chemical processes occurring at the plasma-liquid
interface. Despite the significant progress that has been made towards
understanding interfacial chemistry of plasmas----- in the last decade or so
(especially for air plasmas contacting water), relative contributions of
plasma processes such as formation and diffusion of reactive species and
bulk liquid processes such as electrohydrodynamic flow to interfacial
dynamics have not been yet determined.

This work investigates the extent to which bulk liquid processes, primarily
bulk liquid composition and plasma-induced electrohydrodynamic flow
control the rates of chemical reactions at a plasma-liquid interface. We
have determined the efficacy of the plasma process for treatment of a wide
range of different compounds and used the results of this investigation to
construct a model to predict the approximate treatability of any compound
based on just a few of the compound’s physical properties. Experiments
with different initial bulk liquid concentrations of non-surfactant and
surfactant compounds have also been performed to investigate how
interfacial compound concentration affects its removal rate. Particle Image
Velocimetry has been used to quantify the surface velocity of a liquid as a
function of its chemical composition.

10:40am PS+AS+SE-MoM-8 Efficiency of Electrolytic Reduction of
Aqueous Metal Salts to Metal Nanoparticles at a Plasma-Liquid Interface,
S Ghosh, Ryan Hawtof, Case Western Reserve University; P Rumbach, D Go,
University of Notre Dame; R Akolkar, R Sankaran, Case Western Reserve
University

Electrolytic cells with a plasma serving as one or both of the electrodes
eliminate the solid metal and allow electrochemical reactions to be carried
out at a gas-liquid interface. This is particularly beneficial for the synthesis
of metal nanoparticles from metal salts since the deposition of a thin film
onto the electrode is avoided. However, because of the complexity of the
plasma and the resulting interfacial reactions, the mechanism for metal
nanoparticle formation remains unknown.

Here, we designed experiments to understand the mechanism of the
reduction of silver nitrate (AgNOs) to silver (Ag) nanoparticles by a
previously reported atmospheric-pressure, direct current microplasma
operated as the cathode. We applied a well-known methodology in
electrodeposition to assess the faradaic efficiency whereby the mass of the
synthesized material is compared with the theoretical amount of mass
estimated from the charge injected into solution. A faradaic efficiency of
100% would indicate that all the charge is going towards the desired
reduction of Ag cations to solid Ag, Ag*+e” --> Ag®, whereas an efficiency
less than 100% would suggest that there are side reactions, most probable
of which is the second order recombination of (solvated) electrons to form
hydrogen gas and hydroxide ions, € (ag+€ (aq+2H20() --> H2(g)+20H(aq).

We find that at a relatively high AgNOs concentration in the bath, the
faradaic efficiency depends weakly on the current, reaching values of 100%
at 2 mA and decreasing to slightly less than 100% at 6 mA. To corroborate
these measurements, the mass change of a Ag foil anode which oxidizes in
solution by the reverse of the cathode reaction, Ag® --> Ag*+e,, was
compared and found to yield slightly lower efficiencies, but with the same
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overall trend. At constant current and varying AgNOs concentration in the
bath, the faradaic efficiency was found to drastically decrease to less than
100%. We interpret these results as follows. The kinetics of the primary
reactions, Ag* reduction and second order recombination, depend on the
respective rate constants which are similar (3.7 x 10 M/s and 5.5 x 10°
M/s) and the reactant concentrations. At low current or high AgNOs
concentration, the rate of Ag* reduction is higher than second order
recombination and the faradaic efficiency approaches 100%. Conversely,
the rate of second order recombination is higher than Ag* reduction at high
current or low AgNOs concentration, lowering the faradaic efficiency. A
reaction model was developed to support these interpretations.

11:20am PS+AS+SE-MoM-10 Amorphous Indium Zinc Oxide (IZO)
Semiconductor Films Grown by Atmospheric Plasma-Enhanced Spatial
ALD for Application as High-Mobility Channel in Thin Film Transistors, A
llliberi, | Katsouras, S Gazibegovi¢, B Cobb, E Nekovic, TNO-Holst Centre,
Netherlands; W van Boekel, C Frijters, TNO-Solliance, Netherlands,; J Maas,
TNO-Holst Centre, Netherlands; Fred Roozeboom, TNO-Holst Centre &
Eindhoven University of Technology, Netherlands; Y Creyghton, TNO-
Solliance, Netherlands; P Poodt, TNO-Holst Centre, Netherlands; G Gelinck,
TNO-Holst Centre & Eindhoven University of Technology, Netherlands
INVITED
Less than a decade ago, InGaZnO has been reported as a new Amorphous
Oxide Semiconductor (AOS) channel material replacing conventional
amorphous silicon (a-Si:H) for application in thin-film transistor (TFT)
circuits in display back panels [1]. Among these, indium zinc oxide (1ZO) is
emerging as the most promising AOS candidate for next-generation
displays based on oxide TFTs because it combines a very high electron
mobility with excellent optical transmission and thermal stability [2,3].

We have grown InZnO thin films by plasma-enhanced spatial atomic layer
deposition (s-ALD) [4,5] and these layers have been manufactured into
oxide TFT and ring oscillator devices which outperform the state-of-the-art.
We will describe the growth of InZnO at atmospheric pressure and high
deposition rates (~ nm/sec) starting with a short explanation of the basics
and the advantages of this novel deposition technique including the use of
a special atmospheric plasma source design of the so-called Surface
Dielectric Barrier Discharge (SDBD) type [6]. Next, we will show that by
varying the ratio of the trimethyl indium and diethyl zinc chemical
precursor vapors, the In/(In+Zn) ratio of the film can be accurately tuned
over the entire composition range from zinc oxide to indium oxide. TFT test
devices with an In/Zn ratio of 2:1 show very high field-effect mobility
exceeding 30 cm?/V.s (Fig. 1), excellent thermal (Fig. 2) and bias stress
stability. We will further demonstrate the scalability of the 1ZO TFTs by
fabricating 19-stage ring oscillators operating at 200 kHz which outperform
the state-of-the-art.

This superior electrical performance, in combination with the intrinsic
advantages of spatial ALD demonstrate the great potential of this
atmospheric plasma concept for application in commercial manufacturing
of low-cost and large-area AOS-based electronics.

1. T. Kamiya, K. Nomura, H. Hosono, J. Disp. Technol., 5, 273-288 (2009)

2. B. Yaglioglu, H.Y. Yeom, H.Y. Beresford, D.C. Paine, Appl. Phys. Lett.,89,
062103 (2006)

3. M.P. Taylor, D.W. Readey, M.F.A.M. van Hest, C.W. Teplin, J.L. Alleman,
M.S. Dabney, L.M. Gedvilas, B.M. Keyes, B. To, J.D. Perkins, D.S. Ginley,
Adv. Funct. Mater., 18, 3169-3178 (2008)

4. P. Poodt, A. Lankhorst, F. Roozeboom, C. Spee, D. Maas, A. Vermeer,
Adv. Mater., 22, 3564-3567 (2010)

5. A. llliberi, R. Scherpenborg, F. Roozeboom, P. Poodt, ECS Journal of Solid
State Science and Technology, 3(5), 111-114 (2014)

6. Y. Creyghton, A. llliberi, M. Mione, W. van Boekel, N. Debernardi, M.
Seitz, F. van den Bruele, P. Poodt, F. Roozeboom, Proc. Int. Conf. on
Coatings on Glass and Plastics (ICCG 2016), Braunschweig, Germany, June
12-16, 2016, pp. 93-97
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Plasma Science and Technology Division
Room 23 - Session PS+AS-MoM

Plasma Processing of Challenging Materials
Moderators: Erik V. Johnson, LPICM, Ecole Polytechnique, France, Osamu
Sakai, The University of Shiga Prefecture

8:20am PS+AS-MoM-1 Control of Plasma Doping Conformality in FinFET
Arrays, Mona Ebrish, O Gluschenkov, IBM Research Division;, M Hopstaken,
IBM T.J. Watson Research Center, F Torregrosa, lon Beam Services

FinFET devices are rapidly emerging as a standard transistor architecture
for extending CMOS scaling beyond the 22 nm technology node because of
superior electrostatic channel control. One practical challenge is to achieve
a high degree of conformality for source/drain (S/D) extension doping
along the Fin sidewalls. Conformal extension doping is crucial to minimize
finFET series resistance while maintaining electrostatic channel control.
Precise control of transistor characteristics over large-scale CMOS circuits
and systems mandates that the extension doping and its conformality be
maintained over arrays of finFETs with tight fin pitch. Plasma doping, with
its wide distribution of impinging ion angles, provides an alternative to
conventional ion beam implantation for fin array sidewalls. The traditional
1D Secondary lon Mass Spectrometry (SIMS) depth profiling technique is
unable to quantify the doping profiles in fin array sidewalls and hence the
1.5D SIMS approach (SIMS through array of fins) is used in this study. The
retained sidewall dose measured by 1.5D SIMS is compared to a predicted
number of impinging plasma ions that arrive to the fin array with certain
angle and energy distributions dependent on the plasma conditions. This
comparison takes into account the impinging ion cut off angle caused by
adjacent fin shadowing in tight-pitch arrays. Based on those findings, a
tuning of the plasma conditions was applied to obtain better than 50%
dopant uniformity along the Fin sidewalls. The ability to control impinging
ion angle distributions in plasma doping provides a valuable tool for
improving doping conformality in tight-pitch fin arrays.

8:40am PS+AS-MoM-2 Study of Plasma-etching Parameter Impacts on
Two-dimensional  Electron Gas Degradation in  AlGaN/GaN
Heterostructures, Frédéric Le Roux, P Burtin, N Possémé, A Torres, S
Barnola, CEA-Leti, France

Formation of the two-dimensional electron gas (2DEG) in AlGaN/GaN
heterostructrures is the key-point for successful development of GaN-
based power-electronics such as High Electron Mobility Transistors and
diodes.

Today, plasma-etching are considered as one of the most critical step in
fabrication of such devices. Indeed plasma etching can lead to charge
generation (depleting the channel)*?, AIGaN amorphisation (modifying the
structure and the polarisations of the AlGaN)3** or element implantation
inducing charges or traps®.

In this study, we propose to evaluate the impact of several plasma
parameters (chemical, physical and physico-chemical) on 2DEG
degradation occurring during silicon nitride etching (selectively to AlGaN).
Experiments have been carried out on 200mm wafers using the following
stack: 10nm SizsNs/24nm Alo,22Gao,7sN/AIN spacer/2um GaN/buffer layers.
The AlGaN degradation has been determine thanks to Rsheet and Hall
measurements.

First the impact of a conventional fluorocarbon etch chemistry
(CFa/CH2F2/02/He) on 2DEG degradation will be presented as an ion-energy
function. It will be demonstrated that Rsheet is degraded with the ion
energy increase and confirmed by the evolution of career- density and
mobility.

Then the pure-chemical etching effects (using wet and downstream-plasma
etching process) as well as physical etching effects, with ion bombardment,
(using lon Beam Etching process (IBE)) will be discussed in term of Rsheet.

Finally, the benefit of new silicon nitride etching process, which has already
been tested and validated for silicon nitride spacer application®, has been
evaluated for diode contact application. This process is based on two steps.
In a first step, the film is modified in volume by a He plasma performed in a
conventional etch tool (ICP) followed by a second step of selective removal
(HF dip) of the modified layer (SisNs) with respect to the non-modified
material (AlGaN).

Thanks to this study, the plasma-etching’s role in the channel
characteristics degradation have been highlighted and linked to the plasma
parameter through the Rsheet and Hall measurement evolutions. In order
to increase the degradation mechanism understanding engendered by
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etching steps, physico-chemical characterisations will be developed to
determine the degradation sources.

1. Cao, X. A. et al.Appl. Phys. Lett.75, 2569-2571 (1999).

2. Takimoto, T. et al.Thin Solid Films557, 212-215 (2014).

3. Cao, X. A. et al.Appl. Phys. Lett.75, 232-234 (1999).

4. Haberer, E. D. et al.Appl. Phys. Lett.76, 3941-3943 (2000).

5. Cai, Y. et al.leee Trans. Electron Devices53, 2207-2215 (2006).
6. Posseme, N. et al. Appl. Phys. Lett.105, (2014).

9:00am PS+AS-MoM-3 Spatiotemporal Non-uniformity of CVD Plasmas
and Film Qualities, Masaharu Shiratani, Kyushu University, Japan INVITED
Here we discuss great impact of nanoparticles formed in CVD plasma on
uniformity of the plasma and film qualities [1-5]. Uniformity of thickness,
composition, structure, and properties is a major concern of plasma CVD
films. Multiple precursors including radicals, ions, and nanoparticles
contribute to the film formation and hence their flux and flux ratio to the
surface determine the film uniformity. Although most studies and text
books describe film formation due to radicals and ions, such precursors are
predominant only for very low pressure (< 5 Pa); in a pressure range of 10-
500 Pa for most plasma CVD, contribution of nanoparticles to the film
volume is 10-60% and cannot be disregarded [1-3]. CVD plasma tends to
have inherently spatiotemporal non-uniformity of its internal parameters
mainly because of nanoparticles. Nanoparticles have long time constant of
their nucleation and growth. They tend to be charged negatively and are
trapped in plasma. Nanoparticles act as loss sites of electrons, ions,
radicals, and nanoparticles; and hence they have great influence on non-
uniformity of plasma parameters, deposition rate, and film qualities.
Particularly, they tend to give nonlinear response of CVD plasma, such as
hysteresis, to discharge power and pressure. We show a model which
reproduces well such non-linear response, and contribution of
nanoparticles is one of keys to realize uniformity of high quality films [4, 5].
There is plenty of room to improve qualities of plasma CVD films by paying
attention to contribution of nanoparticles to the films.

Work partly supported by JSPS KAKENHI grant numbers 26246036 and
16K13922.

[1] K. Koga, et al., J. Phys. D, 40, 2267 (2007).

[2] M. Shiratani, et al., Faraday Discussions, 137, 127 (2008).
[3] M. Shiratani, et al., J. Phys. D, 44, 174038 (2011).

[4] K. Keya, et al., Jpn. J. Appl. Phys., 55, 07LEO3 (2016).

[5] S. Toko, et al., Suf.
doi.org/10.1016/j.surfcoat.2017.01.034.

Coat. Technol., (2017)

9:40am PS+AS-MoM-5 Surface-driven CH4 generation from CO: in Low-
pressure Non-thermal Plasma, Kazunori Koga, S Toko, S Tanida, M
Shiratani, Kyushu University, Japan

The methanation of CO: attracts attention as the way to produce rocket
propellant fuels at Mars because CO, comprises 95% of the atmosphere of
Mars and water exists on Mars [1]. This reaction is called the Sabatier
process and has been studied using catalysts under high pressure over 1
atm and high temperature above 200 °C to realize a high conversion
efficiency. However, the pressure on Mars is 135 times smaller than that of
the Earth, and the average temperature is extremely low of -63 °C [2]. A
method using low-pressure non-thermal plasma allows methanation under
low pressure and low temperature conditions [3]. Therefore, the plasma
process is suitable for methanation at Mars. Here, we converted CO: to CHa
using a capacitively coupled plasma (CCP) together with Cu catalyst.
Experiments were carried out using a CCP reactor, excited at a frequency of
60 MHz. The electrode diameter was 50 mm and the distance between the
electrodes was 6.1 mm. The electrode material was Cu. CO; gas flow rate
was 1.0 sccm and that of Ha was 6.0 sccm . The pressure was 750 Pa and
the temperature was room temperature. The discharge power was set in a
range of 10 to 100 W. Gas composition in the discharge plasmas was
measured with a quadrupole mass spectrometer. CHs yield depends on
surface condition of Cu electrodes, indicating that surface reactions on Cu
electrodes dominate the CH4 generation. Moreover, CH4 generation has a
long time constant more than 500 s, whereas CO: conversion has a short
time constant of 80 s. These results indicate that CO. conversion takes
place in gas phase by electron impact dissociation, while CHs4 generation
involves several reaction steps. | will discuss the detail mechanisms at the
conference.

Work supported partly by JAXA and JST.
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10:00am PS+AS-MoM-6 Plasma Modification of Carbon Fibres for Tough
Carbon Fibre Composites, Sally McArthur, R Radjef, B Fox, Swinburne
University of Technology, Australia

Carbon-fibre manufacturing is a well established process that includes a
surface treatment and a sizing step which are fast and easily incorporated
into the production process. In the electrolytic oxidation steps, ammonium
bicarbonate is used to introduce functional and polar groups to the surface
while weakly bound basal planes are removed and the surface roughness is
increased. All these are desired effects that are then covered with the
application of the sizing layer, which protects the fibre surface during
subsequent processing steps. The size is generally an epoxy based emulsion
that provides handleability, lubrication, protection and is supposed to
create a strong bond. This production process creates a complex
multilayered interphase that is not well understood. It is believed that the
size partially reacts with the surface functional groups, leaving a sizing layer
that is depleted in epoxide groups and hence not able to fully cure.
Furthermore how do we know that enough hardener diffuses through the
matrix to the fibre surface to fully cure the sizing layer in the first place?

The aim of this study is to replace the current surface treatment and sizing
step by a two-step plasma approach that allows the formation of a
controlled interphase. In part one of this project a comparative study
between electrolytic oxidation and air plasma treatment has been
performed. In a second stage plasma polymerisation of TMDSO was used to
produce films of variable mechanical properties by controlling the plasma
power. This talk will focus on the the development and characterisation of
the lab-based plasma system used to deposit uniform coatings onto the
carbon fibres using a reel-to reel process and dual electrode array.

10:40am PS+AS-MoM-8 Damage Free Plasma Etching Processes of IlI-V
Semiconductors for Microelectronic and Photonic Applications, Erwine
Pargon, M Bizouerne, C Petit-Etienne, L Vallier, G Gay, M Fahed, K Rovayaz,
M Fouchier, C Bellegarde, V Renaud, G Cunge, O Joubert, CNRS-LTM,
Université Grenoble Alpes, France; E Martinez, N Rochat, CEA-Leti, France

INVITED
Due to their inherent advantages of direct bandgap and high electron
mobility, IlI-V semiconductor materials are today widely used as active
materials for a wide range of applications including high-speed and power
electronic devices, and many types of opto-electronic and photonic
devices. Recent progress in both molecular wafer bonding technology and
monolithic heteroepitaxy let envisage the integration of IlI-V
semiconductors directly on a Silicon platform. If successful, such
integration paves the way for the emergence of highly performant devices,
taking advantages of both IlI-V unique properties and the maturity of Si
processing. Some promising examples are the use of high mobility I11-V
channel materials to extend the performance of Si CMOS, or the unification
of electronics and photonics by combining photonic components with a
silicon platform for next-generation optical interconnects. For all these
future technologies, development of industrial processes for -V
semiconductors patterning is necessary. Plasma etching allows feature
patterning with a nanometric control of the dimension, but one major
drawback is the creation of defects in the vicinity of the etched surfaces,
that can change the electro-optical properties of the semiconductor, and
ultimately compromise the device performance. There is today a lack of
knowledge on by which mechanisms and to what extent the plasma
etching process induces damage at the IlI-V pattern sidewalls and the
consequence it has on the device performance. The objective of this work
is first to provide a better understanding of plasma-induced damage at the
sidewalls of micro-nano-patterned IlI-V semiconductors by establishing a
direct link between structural and chemical modifications induced by
plasma etching, and opto-electrical properties. Based on such
comprehensive know-how, the second objective is to provide technological
solutions to minimize this damage in order to propose low damage plasma
process compatible with the fabrication of commercial devices. The
present study mainly focuses on the plasma etching process development
of InGaAs used as a high mobility channel in a FinFET for microelectronic
applications and of InGaAs/InP heterostructures used as a laser in hybrid
photonic integrated circuits. Etching experiments are carried out in
industrial ICP reactors. The structural damage induced at the pattern
sidewalls (amorphization, stoichiometry, roughness..) are evaluated by
electronic microscopies, AFM and nanoauger spectroscopy. The optical
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properties of the IlI-V semiconductors at the pattern sidewalls are analyzed
by cathodoluminescence.

11:20am PS+AS-MoM-10 Fabrication of Metal Nanoparticle-dispersed
Nanocomposite Films by In Situ Plasma Reduction of Metal Cation-
containing Polymer Films, D Boris, Naval Research Laboratory; Souvik
Ghosh, Case Western Reserve University, S Hernandez, Naval Research
Laboratory; C Zorman, Case Western Reserve University; S Walton, Naval
Research Laboratory; M Sankaran, Case Western Reserve University
Nanocomposites composed of inorganic nanoparticles and polymers have
broad applications because of their unique combination of optical,
electrical, thermal, and mechanical properties. A key fabrication challenge
is dispersion of the two different phases which leads to separation and
particle agglomeration. Compared to mixing premade nanoparticles with
polymers, in situ formation of nanoparticles from a thin film containing the
metal precursor and polymer has the potential to improve dispersion.
Various approaches to reacting the metal precursor have been explored
including heat treatment, UV exposure, and chemical processing. Low-
temperature plasmas are particularly unique due to their inherent
compatibility with temperature-sensitive polymers, and potential for rapid
large-area processing. However, the mechanism for plasma-driven particle
formation remains poorly understood.

Here, we carry out a systematic study of in situ plasma reduction of metal-
cation containing polymer films to form nanoparticle-dispersed
nanocomposites. Films were prepared from solutions of silver nitrate
(AgNOs) and polyacrylic acid (PAA). Chelation of the polymer with the
metal cation produced a precipitate that was collected by centrifugation
and cast as a thin film. The films were then exposed to a low-pressure,
electron-beam generated plasma operating over a broad set of conditions
aimed at delivering a controlled flux of low-energy argon ions. The as-
treated films were analyzed with UV-visible absorbance spectroscopy and
scanning electron microscopy (SEM). Absorbance confirms the presence of
the localized surface plasmon resonance (LSPR) for Ag nanoparticles. The
spectra show significant changes in the peak intensities with negligible
shifts in the peak wavelength with plasma process changes, indicating that
the particle concentration increases or decreases with a relatively constant
average particle size. We correlated these changes in particle
concentration to the variation in charge fluence at the film surface.

This work is partially supported by the Naval Research Laboratory base
program and the National Science Foundation under Grant No. SNM-
1246715.

Scanning Probe Microscopy Focus Topic
Room 10 - Session SP+AS+NS+SS-MoM

New Imaging and Spectroscopy Methodologies
Moderators: Wonhee Ko, Oak Ridge National Laboratory, An-Ping Li, Oak
Ridge National Laboratory

8:20am SP+AS+NS+SS-MoM-1 Charge Transport through Nanostructures
measured with a Multi-Tip STM, Bert Voigtldnder, Forschungszentrum
Juelich, Germany INVITED
The use of Multi-Tip STM for transport measurements is another step in
the recent paradigm shift in scanning probe microscopy transforming from
“just imaging” to detailed measurements at the nanoscale. Multi-Tip STM is
an ideal technique to study electronic properties, while a current is running
through a nanostructure/nanodevice.

We demonstrate how three requirements have to be combined to perform
nanoscale charge transport measurements, using the Multi-Tip STM
technique: (a) a stable, versatile, and easy to operate Multi-Tip STM
instrument, as well as (b) electronics and software, which allow any
possible "concerted" Multi-Tip measurements, and last but not least (c) the
new method Multi-Tip STM also requires new methodologies for data
analysis.

We demonstrate the capabilities of the Multi-Tip STM method to reveal
fundamental nanoscale charge transport properties by the following
examples: (a) Mapping of resistance profiles and corresponding doping
profiles along freestanding GaAs nanowires, (b) measurement of the
surface conductivity at semiconductor surfaces, (c) identification of
resistivity dipoles in nanoscale potential maps around defects, using
scanning tunneling potentiometry, (d) disentangling in situ top and bottom
conductance of a topological insulator thin film by gate dependent
measurements.
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9:00am SP+AS+NS+SS-MoM-3 Robust High-Resolution Imaging and
Quantitative Force Spectroscopy in Vacuum with Tuned-Oscillator Atomic
Force Microscopy, Omur Dagdeviren, J Goetzen, Yale University;, H
Holscher, Karlsruhe Institute of Technology (KIT), Germany; E Altman, U
Schwarz, Yale University

Since the first demonstration of atomic resolution in ultrahigh vacuum
more than twenty years ago, frequency modulation-based noncontact
atomic force microscopy (FM-NC-AFM) has significantly matured and is
now routinely applied to study problems that benefit from high-resolution
surface imaging. In FM-NC-AFM, control of the tip’s vertical position is
accomplished by detecting a shift in the cantilever’s resonance frequency
upon approach to the sample. Consistently ensuring reliable distance
control during extended data acquisition periods has nevertheless
remained challenging, as most FM-mode-based control schemes employ
three feedback loops that may interfere. As a consequence, sample
throughput in FM-NC-AFM is often low compared to ambient condition
AFM, where the easy-to-implement amplitude-modulation (AM) control
scheme is predominantly used. Transfer of the AM methodology to high-
resolution measurements in vacuum is, however, difficult as with AM-AFM,
instabilities during approach are common. In addition, the lack of viscous
air damping and the related significant increase of the cantilever’s quality
factor generate prolonged settling times, which cause the system’s
bandwidth to become impractical for many applications. Here we
introduce a greatly simplified approach to NC-AFM imaging and
quantitative tip-sample interaction force measurement that prevents
instabilities while simultaneously enabling data acquisition with customary
scan speeds by externally tuning the oscillator’s response characteristics
[1]. After discussing background and basic measurement principle,
examples for its application to a variety of sample systems are provided
[1,2,3,4]. A major advantage of this operational scheme is that it delivers
robust position control in both the attractive and repulsive regimes with
only one feedback loop, thereby carrying the potential to boost the
method’s usability.

* Author for correspondence: omur.dagdeviren@yale.edu

[1] O.E. Dagdeviren et al, Nanotechnology 27, 065703 (2016)
[2] O.E. Dagdeviren et al, Nanotechnology, 27, 485708 (2016)
[3] O.E. Dagdeviren et al, Physical Review B, 93, 195303 (2016)

[4] O.E. Dagdeviren et al, Advanced Materials and Interfaces, 4, 1601011
(2017)

9:20am SP+AS+NS+SS-MoM-4 Electrical Transport Measurements with
Atomically Precise Probes, Markus Maier, J Koeble, R Thiel, M Fenner, A
Pirou, D Stahl, T Roth, Scienta Omicron GmbH

A major challenge in the development of novel devices in nano- and
molecular electronics is their interconnection with larger scaled electrical
circuits. Local electrical probing by multiple probes with precision on the
atomic scale can significantly improve efficiency in analyzing electrical
properties of individual structures on the nano-scale without the need of a
full electrical integration.

The LT NANOPROBE is a sophisticated instrument that merges the
requirements of a 4-probe system, efficiently and precisely navigated by a
scanning electron microscope (SEM) and at the same time satisfies the
needs for high performance SPM. The excellent stability in the pm range
allows for atomic resolution in STM and nc-AFM (QPlus) and expands
applications from electrical probing on the nanometer scale towards
tunneling and force spectroscopy and the creation of atomically precise
structures. The system is operated near thermal equilibrium and
temperatures below 5K, specifically also during simultaneous SEM imaging
and navigation. The system has been developed towards an extremely low
thermal drift in the range of 100pm/h, which is the most important
ingredient to allow for enough measurement time on extremely small
structures.

We will present measurements that prove the performance level of the
instrument, specifically the low thermal drift and stability as well as QPlus
AFM measurements, which become important if nanostructures are
deposited on an insulating substrate for a better electrical decoupling. We
will also show the newest technology improvements, such as high
frequency capabilities and optical access for pumped probe experiment.
Future technology challenges as well as applications and scientific drivers
for this type of scientific instrumentation will be discussed.
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9:40am SP+AS+NS+SS-MoM-5 Planar Two-probe Scanning Tunneling
Spectroscopy Measurements at the Atomic Level, Marek Kolmer,
Jagiellonian University, Krakow, Poland INVITED
We present our recent results obtained on the new Scienta-Omicron low
temperature ultra-high vacuum 4-probe STM (LT-Nanoprobe). This unique
machine is equipped with 4 STM scanners able to operate on the same
surface simultaneously with the stability of the state-of-art single tip low
temperature STMs [1].

Firstly we show our methodology for fine relative positioning of two STM
probes on a surface with unprecedented atomic precision and with a
lateral exact probe to probe distance below 50 nm. Secondly we discuss
our design of the 2-probe STM experiment, in which both tips are kept in
tunnelling conditions above a grounded sample. Then, by applying a DC
bias voltage between probes in the described configuration we can detect
a probe to probe DC current signal. Moreover, we add a small AC
component to a varied DC bias voltage and by demodulation of resulting
current signals on each of the probes, we extract corresponding dl:/dV1
(vertical) and dlo/dV: (planar) STS signals. Our method allows a direct
testing of the electronic transport properties of atomic-scale structures in a
fully planar geometry, what is shown on an example of a model system:
bare Ge dimer wires on Ge(001) surface. In this case we determine ballistic
charge transport regimes in the atomic wires by systematic 2-probe
spectroscopic experiments on the probe to probe distances below 50 nm.

Finally, we discuss perspectives for application of the above methodology
in characterization of molecular structures, i.e. molecular wires obtained by
the on-surface synthesis approach on metal oxide surfaces [2-4].

Support by the European Commission under PAMS project (contract no.
610446) and by the Polish Ministry of Science and Higher Education
(contract no. 0341/1P3/2016/74) are gratefully acknowledged.

[1]J. Yang et al., Eur. Phys. J. Appl. Phys., 73, 10702 (2016)

[2] M. Kolmer et. al., Angew. Chem. Int. Ed., 52, 10300 — 10303 (2013)
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10:40am SP+AS+NS+SS-MoM-8 An Ultrafast Scanning Probe Microscopy
Technique for Imaging Polarization Switching in Ferroelectric Materials,
Suhas Somnath, S Kalinin, S Jesse, Oak Ridge National Laboratory
Polarization switching in ferroelectric and multiferroic materials underpins
the next generation of electronic devices such as tunneling devices, field
effect transistors, and race-track memories. The switching mechanisms in
these materials are extremely sensitive to local defects and structural
imperfections at the micro- and nanometer scale, which have undesirable
effects on ferroelectric domains. These considerations led to the
development of Piezoresponse Force Microscopy (PFM) for imaging and
manipulating local polarization states. In PFM, a micro-cantilever with a
conductive tip is brought into contact with the sample surface. Periodic
bias applied to the tip deforms the sample, which in turn causes the
cantilever to vibrate, and these vibrations are recorded using an optical
setup in the microscope. The current state-of-art PFM imaging and
spectroscopy techniques measure the bias dependent material
deformation either at a single frequency (using a lock-in-amplifier) or over
a narrow band of frequencies thereby discarding valuable information from
higher vibrational modes of the cantilever and multiple harmonics. As an
extension, PFM spectroscopy techniques suffer from serious compromises
in the measurement rate, voltage and spatial resolutions since they require
the combination of a slow (~ 1 sec) switching signal and a fast (~ 1 — 10
msec) measurement signal. The slow measurement speed results in
undesirable compromises between the imaged area, spatial resolution, and
voltage resolution.

We report on a new voltage spectroscopy technique applied to PFM that
rapidly acquires dense 2D maps of local hysteretic material response. This
technique combines the acquisition of the complete information about the
cantilever response with intelligent signal filtering techniques to enable
direct measurement of material strain in response to the probing bias. Our
technique enables precise spectroscopic imaging of the polarization
switching phenomena 3,500 times faster than currently reported methods.
By rapid acquisition of a large number of hysteretic loops on very dense
grids, this technique will enable significant insight into nanoscale
polarization dynamics and phenomena such as polarization fatigue or local
wall displacements that remain difficult to study at the desired spatial and
temporal scales, and are crucial for integration of ferroelectric
nanostructures in future electronic devices.
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This research was conducted at the Center for Nanophase Materials
Sciences, which is sponsored at Oak Ridge National Laboratory by the
Scientific User Facilities Division, Office of Basic Energy Sciences, U.S.
Department of Energy.

11:00am SP+AS+NS+SS-MoM-9 Direct Probing of the Graphene-
Electrolyte Double Layer Potential, Evgheni Strelcov, NIST Center for
Nanoscale Science and Technology / University of Maryland; A Tselev,
University of Aveiro, Portugal, H Guo, A Yulaev, NIST Center for Nanoscale
Science and Technology / University of Maryland; / Vlassiouk, Oak Ridge
National Laboratory; N Zhitenev, W McGehee, B Hoskins, J McClelland, A
Kolmakov, NIST Center for Nanoscale Science and Technology

Solid-liquid interfaces play an instrumental role in a broad range of natural
phenomena in biological, hydrological, chemical and electrochemical
systems. The latter include energy conversion and storage applications,
such as fuel cells, supercapacitors, electrochromic devices, and batteries,
whose performance strongly depends on the state of the solid-liquid
interface. Key elements of this interfacial behavior are the formation of the
electrical double layer (EDL), ionic transport through it, ionic adsorption,
and Faradaic processes. Thus, understanding the structure and properties
of the EDL is of critical importance. Despite more than a century of
research on the EDL, its molecular structure and electrode potential
dependence remain the subject of frontier research. Only a handful of
experimental techniques, including surface force and spectral methods, are
currently available for direct probing of the EDL, but even they do not offer
adequate spatial resolution.

Here, we report on direct measurement of the EDL potential in a copper (I1)
sulfate electrolyte with Kelvin Probe Force microscopy (KPFM). The
aqueous electrolyte is placed in a multichannel array, consisting of high
aspect ratio, 2 um diameter channels, sealed at the bottom and capped
with bilayer graphene at the top. The system can be imaged in vacuo with
high resolution scanning electron microscopy and KPFM, correlatively. The
graphene membrane acts as both an electrode and a seal that prevents the
electrolyte from evaporating into the vacuum. The KPFM probe scans over
the subnanometer graphene membrane of individual channels and records
potential of the EDL formed at the electrified graphene-electrolyte
interface. Both graphene and bottom platinum electrode can be biased to
modulate the response of the system to polarization. The collected data
are compared to numerical simulation of EDL formation.

ES, HG, and AY acknowledge support under the Cooperative Research
Agreement between the University of Maryland and the National Institute
of Standards and Technology Center for Nanoscale Science and Technology,
Award 70NANB14H209, through the University of Maryland. WM and BH
acknowledge support of the National Research Council Research
Associateship Program.

11:20am SP+AS+NS+SS-MoM-10 Quasiparticle Interference Mapping of
ZrSiS, Michael Lodge, University of Central Florida; G Chang, B Singh,
National University of Singapore; J Hellerstedt, M Edmonds, Monash
University, Australia; D Kaczorowski, Polish Academy of Sciences; M Hosen,
M Neupane, University of Central Florida;, H Lin, National University of
Singapore, Singapore; M Fuhrer, Monash University, Australia; B Weber,
Nanyang Technological University, Singapore; M Ishigami, University of
Central Florida

3D Dirac semimetals are a class of materials whose bulk electronic states
are protected by topology, presenting intriguing new systems in which to
study the rich physics of the quasiparticles that they host. One such system
is the nodal line Dirac semimetal, wherein the conductance and valence
bands have a line-like crossing along a closed loop in momentum space and
disperse linearly in the vicinity of the resulting line node. This configuration
gives rise to the prediction of exotic phenomena such as spin vortex rings,
diverging mobility in the limit of vanishing chemical potential, and a linearly
increasing dependence of the conductivity on temperature. Many of these
compounds have their line node located hundreds of meV above the Fermi
level, making direct observation of the line-node inaccessible to
experimental techniques such as angle resolved photoemission
spectroscopy (ARPES). We employ spectroscopic imaging scanning
tunneling microscopy (SI-STM) at 4.5K to visualize the quasiparticle
interference with point defects in zirconium silicon sulfide (ZrSiS). In
combination with numerical modeling, we identify six groups of
quasiparticle scattering vectors allowed within the material, and show that
topological protection of the electronic bands is relaxed in the presence of
certain defects. We also estimate the location of the line node.
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8:20am SS+AS+MI-MoM-1 The Use of EC-STM to Study the Nanoscale
Structure and Behavior of Atomically Thin Ag Films on Au Surfaces, J
Phillips, H Morgan, L Jackson, G LeBlanc, Erin Iski, University of Tulsa

INVITED
The formation of an atomically thin Ag monolayer on a Au(111) surface has
been shown to significantly alter the properties of the underlying substrate
(1). A further exploration into the chemical mechanisms by which these
thin films are deposited reveals two different sources of Ag during the
formation of the monolayer. Electrochemical Scanning Tunneling
Microscopy (EC-STM) and Cyclic Voltammetry (CV) are used to probe the
in-situ interfaces of these systems. EC-STM is a unique technique in that in
addition to providing a local probe of the atomic surface structure, EC-STM
also functions as a 3-electrode cell in which redox chemistry can be
performed to understand the chemical reactivity of the surface. Also, cyclic
voltammograms (CVs) can be generated to provide specific information
regarding the nature of the redox events occurring at the surface. In
addition to the ability to perform two kinds of Ag Underpotential
Deposition (UPD) on Au(111) using a single solvent system (AgCl), this
investigation also includes the examination of the effect of different halides
on the thermal stability of the as-formed Ag monolayers. While it has been
previously demonstrated that deposition from a AgCl system affords
oxidative and thermal stability up to 1,000 K (1), the role of the identity of
the halide has yet to be explored, specifically comparing depositions from
both AgBr and Agl solutions. Preliminary investigations indicate that a
monolayer formed from the AgBr system remains on the surface after the
1,000 K thermal treatment, while the same is not true for the Agl system.
The origin of these differences will be examined in detail with EC-STM, CVs,
and Density Functional Theory (DFT). Studies of this nature are critical to
understanding the fundamental mechanisms behind thin film growth using
UPD and the exact role of halides in the observed thermal stabilization. The
ability to experimentally choose different surface properties based on
electrochemical parameters and solution composition during deposition
could lead to exciting new directions for thin film technologies.

(1) Iski et al. Electrochimica Acta (2011), 56, 1652-1661.

9:00am SS+AS+MI-MoM-3 Decomposition and Self-Assembly of Coronene
on Pt(111), Chen Wang, University of California Irvine; K Thurmer, N
Bartelt, Sandia National Laboratories

Composed of seven benzene rings that form a larger, hexagonal structure,
coronene is a molecule often referred to as “the smallest flake of
graphene”. As such, this molecule provides insight into the nature and
dominance of edge effects in graphene-based systems and devices.
Furthermore, as a polynuclear aromatic hydrocarbon, coronene serves as a
common chemical precursor and building block in soot formation, a
process that is still largely mysterious in its earliest stages. This work
presents the study of coronene assembly on Pt(111) at the nanoscale by
using scanning tunneling microscopy and density functional theory
calculations. Both experimental and theoretical methods focus on
understanding the intramolecular interactions between neighboring
molecules of coronene and with the underlying metal substrate by
characterizing the molecular assembly at the monolayer and bilayer. At the
monolayer, the platinum surface is highly interactive with the coronene,
resulting in fragmentation of the molecule on and a high binding energy to
the platinum surface. At the bilayer, platinum interference is screened, and
several coronene-based structures are observed. In situ annealing allows
for the observation of molecular clustering as the surface dewets. The
coronene molecules first form chains, then clumps, and finally large
clusters which bear notable resemblance to incipient soot. These findings
are promising contributions to soot research and further general
understanding of graphene at its the smallest scale.

9:20am SS+AS+MI-MoM-4 Understanding of Single-layer ZnS Supported
on Au(111), Xingyi Deng, D Sorescu, J Lee, National Energy Technology
Laboratory

We investigate the structure and energetics of ZnS single-layer supported
on Au(111) using a combination of experimental and theoretical
approaches. Single-layer of ZnS, consisting of one atomic layer of ZnS(111)
plane, has been grown on Au(111) via sulfurization of metallic Zn in H.Sat T
= 550 K. ZnS single-layer on Au(111) forms a ZnS-(3 x 3)/Au(111)-(4 x 4)
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coincidence structure based on the LEED measurement. High resolution
STM images reveal hexagonal unit cells of 6.7 x 6.7 A2 and 11.6 x 11.6 A2,
corresponding to V3 and 3 times the unit cell of the ideal zincblende ZnS-(1
x 1), respectively, depending on the tunneling conditions. A significantly
reconstructed non-planar structure of ZnS single-layer is suggested based
on density functional theory (DFT) calculations. Specifically, 2/3 of the S
anions are found to be located nearly in the plane of the Zn cations and the
rest 1/3 of the S anions protruding above the Zn plane. These results are
discussed and compared with other related systems, such as ultrathin ZnO
supported on Au(111), in order to advance our understanding of materials
in the ultrathin regime.

9:40am SS+AS+MI-MoM-5 X-ray Microscopy and Spectroscopy Insights of
Metal-Organics Contacts, Der-Hsin Wei, K Lu, T Chuang, C Lu, Y Hsu,
National Synchrotron Radiation Research Center, Taiwan, Republic of China
Abstract

After the giant magnetoresistance (GMR) was demonstrated in
Co/Algs/LSMO trilayers [1], the rise of organic spintronics was no longer a
question of if, but when. Latter it was even suggested that the interfaces
are the most critical players toward the success of organic spinronics [2].
Unfortunately, despite much effort, vertical organic spin valve (OSV) could
not establish a meaningful GMR at room temperature unless a thin
insulator film is inserted between the ferromagnetic electrode and organic
spacer [3-5]. Calls for spectroscopic studies were thus made to improve or
even scrutinize the existing understandings [6]. In this report, | describe a
jointed X-ray microscopy and spectroscopy investigations on multiple
ferromagnet-organic hybrid structures including Co/pentacene, Fe/Ceo,
Co/Ceo, and Ni/Ce. Our study indicates that the ferromagnetic (FM) 3d
transition metals land on organic semiconductor (OSC) films suffer an
apparent magnetization retardation. Further investigation reveals that
there is more than a reactive interface behind the scenes. Finally, the
connection between our findings and reported transport measurements is
addressed.

Acknowledgments

Financial supports from Minister of Science and Technology (MoST) and
National Synchrotron Radiation Research Center at Taiwan are greatly
acknowledged.
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[5] - X. Zhang, S. Mizukami, T. Kubota, Q. Ma, M. Oogane, H. Naganuma, Y.
Ando, and T. Miyazaki, Nat. Comm.4, 1392 (2013).
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10:00am SS+AS+MI-MoM-6 Anchoring of Carboxylic and Phosphonic Acids
on Atomically Defined Oxide Surfaces: The Role of Protons, Hydroxyl
Groups and Water, M Schwarz, T Xu, S Mohr, C Schuschke, Joerg Libuda,
University Erlangen-Nuernberg, Germany

Organic-oxide interfaces are at the heart of various emerging technologies,
ranging from organic electronics to solar energy conversion. Their
functionality arises from complex organic layers which are normally
anchored to the oxide surface via specific linker groups. Typically, the
anchoring groups release protons, thus forming surface hydroxyl groups.
The role of these protons, the surface hydroxyl groups, and the interfacial
water is one the most essential but, simultaneously, also one of the most
poorly understood aspects in organic film formation.

We studied the interaction of water, carboxylic acids, and organic
phosphonic acids with different cobalt oxide surfaces, namely Co304(111),
Co0(111) and Co0O(100), prepared in form of thin well-ordered films on
Ir(100). The interaction of water with these surfaces is strongly structure-
dependent and ranges from weak molecular adsorption on CoO(100) to the
formation very strongly bound OH groups on Co0304(111). Similarly,
pronounced structure dependencies are observed upon anchoring of
benzoic acid. Time-resolved and temperature-programmed vibrational
spectroscopies with deuterated carboxylic acids indicate the formation of
well-defined mixed adsorbate layers consisting of bridging benzoates and
OD groups formed in the anchoring reaction. For phthalic acid, which may
bind via one or via two linker groups, the adsorption geometry is controlled
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by the arrangement of the surface Co?* ions. Organophosphonic acids, on
the other hand, show a complex temperature-dependent anchoring
behavior, which originates from the multiple adsorption geometries which
these molecules can adopt. Finally, we investigated the anchoring behavior
of larger organic species, such as carboxylated porphyrin derivatives, for
which differently oriented phases can be observed by time-resolved in-situ
spectroscopy during organic film growth in UHV. Intriguingly, the same
reactions can also be monitored by in-situ vibrational spectroscopy at the
solid/liquid interface on the same oxide surfaces prepared in UHV. We
present first spectroscopic data, in which we directly compare these
anchoring reactions in UHV and at the solid/liquid interface.

[1] K. Werner, S. Mohr, M. Schwarz, T. Xu, M. Amende, T. Dopper, A.
Gorling, J. Libuda, Journal of Physical Chemistry Letters 7, 555 (2016)

[2] T. Xu, M. Schwarz, K. Werner, S. Mohr, M. Amende, J. Libuda, Chemistry
- A European Journal 15, 5384 (2016)

[3] T. Xu, M. Schwarz, K. Werner, S. Mohr, M. Amende, J. Libuda, Physical
Chemistry Chemical Physics 18, 10419 (2016)

10:40am SS+AS+MI-MoM-8 Thiolate versus Selenolate: Structure, Binding
Strenght, Thermal Stability, and Charge Transfer Properties, J Ossowski,
Jagiellonian University, Poland;, T Wichter, Universitdit Heidelberg,
Germany; T Zaba, Jagiellonian University, Poland; L Silies, M Kind,
Universitdt Frankfurt, Germany;, A Noworolska, Jagiellonian University,
Poland; F Blobner, Technische Universitat Minchen, Germany; D Gnatek, J
Rysz, Jagiellonian University, Poland;, M Bolte, Universitat Frankfurt,
Germany; P Feulner, Technische Universitdt Minchen, Germany; A Terfort,
Universitat Frankfurt, Germany;, M Zharnikov, Universitat Heidelberg,
Germany; Piotr Cyganik, Jagiellonian University, Poland

Selenolate is considered as an alternative to thiolate to serve as a
headgroup mediating the formation of self-assembled monolayers (SAMs)
on coinage metal substrates. There are however ongoing vivid discussions
regarding the advantages and disadvantages of these anchor groups,
regarding, in particular, the energetics of the headgroup-substrate
interface, thermal stability and their efficiency in terms of charge
transport/transfer. Here we introduce a well-defined model system of 6-
cyanonaphthalene-2-thiolate and -selenolate SAMs on Au(111) to resolve
these controversies. The exact structural arrangements in both types of
SAMs are somewhat different, suggesting a better SAM building ability in
the case of selenolates [1]. At the same time, both types of SAMs have
similar packing densities and molecular orientations [1]. This permitted
reliable competitive exchange and ion beam induced desorption
experiments which provided an unequivocal evidence for a stronger
bonding of selenolates to the substrate as compared to the thiolates [1].
The thermal analysis reveals higher stability of thiolates as compared to
selenolates due to the higher stability of the S-C bond as compared to the
Se-C which results from stronger bonding of selenolates with the Au(111)
substrate [2]. Regardless of these differences, the dynamic charge transfer
properties of the thiolate and selenolate based adsorbates were found to
be identical as determined by the core-hole-clock approach, which is
explained by a redistribution of electron density along the molecular
framework, compensating the difference in the substrate-headgroup bond
strength [1].

References

[1] Ossowski, J; Wachter, T.; Silies, L.; Kind, M.; Noworolska, A.; Blobner, F.;
Gnatek, D.; Rysz, J.; Bolte, M.; Feulner, P.; Terfort*, A.; Cyganik*, P.;
Zharnikov*, M., ACS Nano, Thiolate versus Selenolate: Structure, Stability
and Charge Transfer Properties, 9, 4508-4526 (2015).
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11:00am SS+AS+MI-MoM-9 Preserving Material Morphology by Gas-
Phase Functionalization: Surface Modification of ZnO with Propiolic Acid,
F Gao, University of Delaware; S Aminane, Université Pierre et Marie Curie,
France; S Bai, Andrew Teplyakov, University of Delaware

Chemical functionalization of ZnO surface is commonly performed using
reactions of carboxylic acids with the surface of this material. However,
liquid phase reactions of carboxylic acids with ZnO often cause changes in
surface morphology. Etching has been widely acknowledged as a potential
problem in this functionalization process. This work will use gas-phase
propiolic acid dosed in vacuum to modify ZnO nano-powder while
preserving its morphology and leaving the alkyne group available for
subsequent chemical modification via the azide-alkyne cycloaddition
“click” reaction with benzyl azide. The formation of the surface carboxylate
following gas-phase exposure of propiolic acid is shown to be a highly
selective process confirmed by solid-state nuclear magnetic resonance
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spectroscopy, Fourier-transform infrared spectroscopy, and X-ray
photoelectron spectroscopy. Electron microscopy is used to confirm that
the morphology of the material is not affected during this modification and
to compare with the liquid phase processing. It is also found that ZnO
surface is stabilized by propiolic acid, as following this initial modification,
further secondary postmodification based on either gas-phase exposure or
liquid phase reactions were tested and confirmed to not affect the
morphology of ZnO material. Based on this functionalization approach,
delicate nanostructures, nanorods, or nanopowders and even ZnO-based
devices can be chemically modified for further functionalization for
applications where preserving surface morphology during chemical
modification is especially important.

11:20am SS+AS+MI-MoM-10 Enhanced Long-range Magnetic Order by the
Organic-Ferromagnetic Hybrid Interface, Yao-Jane Hsu, M Lin, National
Synchrotron Radiation Research Center, Taiwan, Republic of China; P Chen,
National Tsing-Hua University, Taiwan, Republic of China; Y Lai, National
Synchrotron Radiation Research Center, Taiwan, Republic of China; T Lam,
National Chiao-Tung University, Taiwan, Republic of China; D Wei, H Lin, Y
Chin, National Synchrotron Radiation Research Center, Taiwan, Republic of
China; J Wang, National Taiwan Normal University, Taiwan, Republic of
China

The interplay between ferromagnetic and organic layers critically affects
the efficiency of spin filtering in the organic/molecular spintronics. The
hybridized properties at organic-ferromagnetic heterostructure is hence
important. We investigated the spin interface in terms of the electronic
structure and magnetic coupling of tetrafluorotetracyanoquinodimethane
(F4-TCNQ) on nickel (Cu(100)/Ni) surface. The experimental results display
magnetic hardening upon F4-TCNQ adsorbed on Ni surface. This enhanced
magnetic ordering after molecular tailoring was studied by the surface-
sensitive and element specific X-ray Magnetic Circular Dichroism (XMCD).
The XMCD reveals that the orbital and spin moment of Ni is significantly
increased on the in-plane, while that keep almost unaltered at out-of-
plane. Through the strong superexchange coupling at in-plane surface, the
nonmagnetic F4-TCNQ is spin polarized. Additionally, we found the
enhanced magnetic ordering expressed larger domain sizes and less
domain boundary from the measurements of surface magnetic anisotropy
performed by magneto-optical Kerr effect (MOKE) and the magnetic
domains inspected by photoelectron-emission microscope (PEEM). It
suggests that the enhanced long-range magnetic order of organic-
ferromagnetic interface is an effective spin filtering for constructing high
efficient organic spintronics.

11:40am SS+AS+MI-MoM-11 Interaction of Coronene with Mo-Ceso
Nanospheres: The Effects of Substrate Curvature on Molecular
Adsorption, Nathaniel W. Kabat, E Monazami, P Reinke, University of
Virginia

Surface curvature has been observed to effect molecular adsorption, but
little systematic work has been done in the regime where substrate
corrugation is the same magnitude as molecule size. Here we present a
scanning tunneling microscopy/spectroscopy (STM/STS) study of the
interaction between molybdenum-fullerene nanospheres and coronene
molecules. The nanospheres template is formed by a solid-state reaction
between Mo thin films and a fullerene layer which is triggered by an
annealing step. The reaction between the fullerenes and molybdenum
breaks the symmetry of a fullerene layer but retains a dense molecular
packing of visibly distorted fullerene-like structures. The electronic
structure and bandgap of the nanospheres can be adapted by annealing
and is driven by substitutional metal atom incorporation in the Ceo. The
interaction of coronene molecules with a gold surface serves as a model
system representing the limiting case of a flat metallic surface and
indicates that the molecular height varies with annealing temperatures
while still exhibiting long range order. We will present coronene adsorption
on nanospheres from wide bandgaps (2 eV) to fully metallic surfaces and
discuss the adsorption geometries of coronene. We do not observe long
range order of coronene molecules on the nanospheres surface, indicating
that the localized nanosphere curvature has a strong influence on the
absorption geometry. These results provide the beginning steps of
understanding the ways in which nanosphere-molecule interaction can be
controlled by the localized surface curvature. We acknowledge the support
from the National Science Foundation award CHE-1507986 by the Division
of Chemistry (Macromolecular, Supramolecular and Nanochemistry).
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8:20am TF+EM-MoM-1 Synthesis and Characterization of All Solid-State
SnO«N,/LiPON/Li Batteries, David Stewart, A Pearse, K Gregorczyk, G
Rubloff, University of Maryland, College Park

Atomic layer deposition (ALD) is excellent for depositing conformal thin
films on high aspect ratio substrates, and due to the good thickness control
and uniformity, ALD allows us to push the limits of thin film batteries. To
produce solid-state lithium ion batteries on such substrates new processes
for anodes, high-capacity cathodes, and solid-electrolytes must continue to
be developed and characterized. Sn and SnO: have been well studied as
alloy/conversion electrodes in the literature, while the properties of SnsNa
and SnOxNy have yet to be explored in any detail. To study the differences
in the electrochemical performance of SnOz, SnsNs and SnOxNy, an ALD
process was developed that allows for highly tunable N/O ratios. In this
study tetrakis(dimethylamido)tin (TDMA(Sn)) was used as the metal-
organic precursor in combination with remote nitrogen plasma (°N) and
H20 was used to introduce oxygen content. For the pure nitride phase, a
broad temperature window was found between 150-250 °C, over which the
growth rate per cycle (GPC) was ~ 0.55 A. While only very short pulse times
(< 1 s) were required for saturation of the TDMA(Sn), relatively long PN
exposures (> 20 s) were required for GPC saturation. We then showed that
by varying H20 super cycles the relative concentration of O and N in the
film can be controlled between 0% N and 95% N.

To study the electrochemical performance of these materials solid-state
half-cells were constructed using SnO2, Sn3Ns, and SnOxN, thin films versus
thermally evaporated Li. A 100 nm thin film of LiPON was deposited as the
solid electrolyte by thermal ALD [1]. This electrolyte layer is thick enough to
provide good electrical insulation and thin enough to allow fast ionic
diffusion, however when cycled to voltages below 0.4 V vs Li/Li* the half-
cells shorted, possibly due to mechanical breakdown of the LiPON layer
from significant volume expansion of the anodes during the alloying
reaction with Li. The Li>O matrix formed from SnO; is expected to be more
stable, but with lower ionic conductivity than the LisN matrix formed from
Sn3Na. Galvanostatic intermittent titration and electrochemical impedance
spectroscopy were used to analyze the ionic conductivity of the anodes
before and after the initial conversion reaction and as a function of N/O
ratio. The high capacity of the SnO«Ny electrodes in combination with the
excellent ionic conductivity and mechanical properties of the ALD LiPON
makes these films attractive for applications in 3D Li-ion batteries.

[1] A. J. Pearse, T. E. Schmitt, E. J. Fuller, et. al. Chemistry of Materials 2017
29 (8), 3740-3753 DOl: 10.1021/acs.chemmater.7b00805

8:40am TF+EM-MoM-2 Molecular Layer Deposition for Applications in
Lithium-lon Batteries, K Van de Kerckhove, F Mattelaer, J Dendooven,
Christophe Detavernier, Ghent University, Belgium

Molecular layer deposition (MLD) of hybrid organic-inorganic thin films
called titanicones, vanadicones, tincones, and alucones was investigated for
electrode and solid electrolyte applications in lithium-ion batteries.

The titanicone, vanadicone and tincone films were studied as electrode
materials, both as anodes and cathodes. Novel MLD processes were
developed for these materials and were based on an alkylamine metal
precursor (TDMAT, TEMAV, TDMASn) and glycerol (GL) as the organic
reactant [1,2]. Linear and self-limited growth could be achieved for these
metalcones in a broad temperature range with temperature-dependant
growth rates ranging from 0.2 to 1.3 A/cycle. Film growth was studied in
situ with spectroscopic ellipsometry (SE) and infrared spectroscopy (FTIR).
The as-deposited films appeared to be electrochemically inactive in all
cases. A post-deposition heat treatment up to 500°C in either inert (helium)
or oxidizing (air) atmosphere was able to electrochemically activate the
films. X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS)
measurements showed that all carbon was removed during calcination in
air and that the films crystallized. However, annealing in inert atmosphere
conserved the carbon content of the film and thus the films remained
amorphous. The performance with increasing charging and discharging
rate, and cyclability of the heat-treated MLD electrodes was tested against
their respective metal oxide references. The He-annealed metalcones
emerged from these tests as the best performing electrodes at higher rates
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and with improved capacity retention and stability during repeated
charging and discharging.

The transformation of alucone films, deposited with the TMA and ethylene
glycol (EG) or GL process, into porous aluminium oxide was examined.
Porous, non-conducting materials are interesting for lithium-ion battery
research since they may serve as the matrix template for solid composite
electrolytes. Calcination in air and water etching proved to be the most
successful methods. For the calcination treatment, a clear relation was
found between the ramp rate during both heating and cooling and the
resulting porosity of the film. The aging behaviour of the films in ambient
atmosphere was also investigated with FTIR and showed that the films
deposited with EG decompose in a matter of only a few hours, as opposed
to those deposited with GL.

[1] Van de Kerckhove et al., Dalton Trans., 2016,45, 1176-1184.
[2] Van de Kerckhove et al., Dalton Trans., 2017,46, 4542-4553.

9:00am TF+EM-MoM-3 Engineering Hybrid Thin Film Electrolytes for 3D
Lithium-ion Battery Applications, Ryan Sheil, J Lau, University of California
at Los Angeles; P Moni, MIT; C Choi, University of California at Los Angeles;
K Jungjohann, Sandia National Laboratories; J Yoo, Los Alamos National
Laboratory; K Gleason, MIT; B Dunn, J Chang, University of California at Los
Angeles

3D battery architectures have the potential to meet the power and energy
density demands of next generation microelectronic devices. One
requirement in the utilization of 3D based electrodes is the incorporation
of a solid electrolyte that can be coated pinhole free and conformally on
high aspect ratio structures. Lithium aluminosilicate (LixAlSi.O, LASO), a
solid oxide Li-ion conductor, synthesized by atomic layer deposition (ALD) is
a promising electrolyte material for 3D battery applications due to its
adequate ionic conductivity (8.2x10% S/cm) in thin film applications as well
as its ability to improve electrode stability. The self-limiting nature of ALD
allows precise thickness and composition control when applied to complex
metal oxides. Lithium tert-butoxide (LTB), trimethylaluminum (TMA), and
tris(tert-butoxy)silanol (TTBS), were precursors used to synthesize LASO by
ALD.

In order to further explore potential material properties, ALD deposited
LASO was combined with a polymer electrolyte, poly-
(tetravinyltetramethylcyclotetrasiloxane) (PV4D4) deposited via initiated
chemical vapor deposition (iCVD). The LASO solid electrolyte offers high
electrical resistance and chemical stability at the electrochemically active
interface, while the pv4D4 solid electrolyte offers improvements in the
mechanical integrity of the electrode. A hybrid film consisting of 5 nm LASO
and 400 nm PV4D4 demonstrated a room temperature ionic conductivity
of 3.4 x 107 S/cm, showing no significant increase in interfacial resistance.
Integration with both 2D and 3D electrodes has shown substantial
improvements in cycling and increased coulombic efficiency.

Current research on Li-ion batteries is directed at creating next generation
electrode materials. One of the most viable 3D designs is through the use
of nanowire electrodes, in which Si and Ge can offer much larger charge
capacities (8444 A h L for Li1sSis and 7366 A h L for LiisGes, respectively)
than traditional carbon based anode materials, but suffer large volume
expansion upon lithiation. Using an in-situ TEM electrochemical
characterization technique, dynamic processes and structural changes are
able to be observed during the lithiation/delithiation of a SiGe nanobattery
in real time. Preliminary results show that ALD LixAl,Si;:O-coated Sio.sGeo.s
alloy nanowire demonstrates lithiation and delithiation with an intact solid
state electrolyte layer with ~39% radial expansion observed upon lithiation.

9:20am TF+EM-MoM-4 Carbon Encapsulated CNT Micropillars for Silicon
Lithium lon Battery Electrodes, Kevin Laughlin, E Laughlin, R Fan, R Davis,
R Vanfleet, J Harb, Brigham Young University

Here we present work on a hierarchical approach to structuring and
encapsulating carbon nanotube (CNT) based carbon monoliths. Prior work
has shown silicon has high gravimetric capacity, but increases by ~300%,
and forms an unstable solid electrolyte interphase (SEI). High stability and
lifetime operation requires nanostructuring of the silicon to alleviate
stresses caused by the large expansion of the silicon upon Li alloying, and
an encapsulation layer to restrict SElI build up. These CNT structures
provide: porous scaffolding for silicon to expand to manage stress on
multiple scales, a long conductive path for lithium transfer resulting in tall
electrodes, and protection from unstable SEI formation. At high silicon
loadings even nanoscale layers of silicon result in stresses large enough to
cause mechanical damage to the electrode and encapsulation layer,
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resulting in lower capacity and cell lifetimes. By patterning the CNT
scaffolding, we can contain the stresses caused by lithiation.

9:40am TF+EM-MoM-5 Porous Oxide Shell on the Supported Gold
Nanoparticles Synthesized via Polymer-Templated Atomic Layer
Deposition, Haoming Yan, X Yu, Q Peng, University of Alabama

Ultra small (£ 5 nm) metal nanoparticles (USMNPs), especially Au, have
attracted increasing attention due to their remarkable catalytic activity and
selectivity in many important reactions. However, their catalytic properties
are greatly affected by the poor thermal stability and the macro-molecular
capping ligand (MCL) layer on their surfaces. Encapsulating the USMNPs
with a porous oxide shell (pOXIDE) is a solution for both issues. So far,
there has been limited success in generating the pOXIDE shell on the
supported USMNP without significantly blocking its active sites. The
objective of this work is to demonstrate the MCL layer templated atomic
layer deposition (ALD) can be applied to synthesize the pOXIDE shell on the
USMNPs to improve their thermal stability while keeping most of the
surface active sites on USMNPs for the catalytic reaction.

10:00am TF+EM-MoM-6 Three-Dimensional Solid State Batteries Grown
Via Atomic Layer Deposition, Alexander Pearse, T Schmitt, D Stewart, E
Sahadeo, K Gregorczyk, University of Maryland, College Park; K
Gerasopoulos, Johns Hopkins Applied Physics Lab; G Rubloff, University of
Maryland, College Park

Thin film solid state batteries have multiple attractive properties, including
low interfacial impedance, exceptional cycling stability, and intrinsic safety,
but have not seen significant implementation because their overall capacity
is very low (on the order of 0.1 mAh/cm?). This is a consequence of their
growth by physical vapor deposition, which limits them to planar
substrates. In this configuration, increasing areal capacity necessarily
sacrifices rate performance due to slower ionic diffusion in thicker
electrodes. Realizing practical energy or power densities in thin film SSBs
will involve the development of entirely new fabrication processes in order
to allow the integration of thin film SSBs with 3D substrates, such as
micromachined silicon or conductive fabrics. In particular, 3D designs allow
the decoupling of capacity and rate performance for area-normalized
metrics.

We describe the development and synthesis of a solid state lithium-ion
battery film stack grown entirely by atomic layer deposition (ALD), which
allows us to successfully integrate solid state energy storage with 3D
structures. The entire device is fabricated at temperatures at or below
250C, allowing for compatibility with a broad variety of substrates and
processing environments. We utilize a simple electrochemical process for
inserting free lithium ions into a crystalline cathode, avoiding the need to
integrate lithiation into the ALD growth process itself. The solid electrolyte
is a lithium polyphosphazene compound (a variant of LiPON) grown by a 2-
precursor thermal process (Pearse et al. Chemistry of Materials 2017). The
battery itself is comprised of a LiV20s — SnNy couple, providing a reversible
capacity of approximately 35 pAh/cmz pmwo with an average discharge
voltage of 2V. By growing these batteries into micromachined silicon
structures with aspect ratios of up to 10, we are able to increase areal
capacity by nearly one order of magnitude while simultaneously improving
capacity retention at high rates- a type of scaling not possible for planar
devices. We also discuss challenges associated with interface chemistry in
the ALD growth environment and with patterning highly conformal films,
and compare device performance to finite element electrochemical
simulation.

10:40am TF+EM-MoM-8 Systematic Investigation of Geometric Effects in
Porous Electrodes for Energy Conversion Reactions, Julien Bachmann,
University of Erlangen, Germany INVITED
Inexpensive energy conversion devices necessitate novel strategies
towards reducing the need for rare functional materials. One such strategy
consists in accurately controlling the interface’s geometry.

In our work, the pore walls of an anodic nanoporous template are coated
with either galvanic deposition or atomic layer deposition (ALD) to obtain
structured electrode surfaces that provide the experimentalist with a well-
defined, tunable geometry. Indeed, the platform consists of a hexagonally
ordered array of metallic or oxidic nanotubes of cylindrical shape,
embedded in an inert matrix. The diameter of the tubes can be defined
between 20 and 300 nm and their length between 0.5 and 100 um,
approximately. They can be utilized as a model system in which the
electrode's specific surface area can be increased and its effect on the
electrocatalytic current characterized systematically.

8:20 AM
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Diffusion-limited electrochemical transformations remain unaffected by
changes in the length of the electrode's pores, whereas the steady-state
galvanic current density observed for slow multielectron transformations
increases linearly with the pore length. In particular, this approach enables
us to achieve an increase of the electrochemical water oxidation turnover
at neutral pH on iron oxide surfaces by three orders of magnitude. These
results highlight a strategy for optimizing electrochemical energy
transformation devices which could be generalized: the geometric tuning
of catalytically mediocre but abundant and cost-effective material systems.

11:20am TF+EM-MoM-10 Development of a Reduction-resistant Oxide
Electrode for Dynamic Random Access Memory Capacitor, Cheollin Cho,
M Noh, W Lee, Korea Institute of Science and Technology, Republic of
Korea; C An, Seoul National University, Republic of Korea; C Kang, Korea
Institute of Science and Technology, Republic of Korea, C Hwang, Seoul
National University, Republic of Korea; S Kim, Korea Institute of Science and
Technology, Republic of Korea

Rutile phase TiO2/RuO: structures have attracted great interests as a new
material system for next-generation dynamic random access memories
(DRAM) capacitors because of the high dielectric constant (> 80) of the
rutile TiO2. A conducting oxide electrode, RuO., enables the TiO; dielectric
to be crystallized into a rutile phase at low temperatures (< 300 °C). Since
RuO: has a high work function, it is effective to suppress leakage current by
Schottky emission which is a main conduction mechanism of TiO2/RuO..
However, the RuO; electrode is easily reduced during the post-annealing
under forming gas atmosphere for trap passivation at the gate oxide/Si
interface. Subsequently, the dissociated oxygen ions from RuO. cause
problems such as the oxidation of W plug. The oxidation of W plug causes a
fatal deterioration in device operation because the W plug acts as a path
through which the charges of the capacitor move. Also, physical damage
such as cracks will also occur when RuOx(rutile) is reduced to Ru(hexagonal
close-packed, HCP). For these reasons, we suggest a SnO»-based electrode,
which is a reduction-resistant material, as a new oxide electrode for DRAM
capacitors. The reduction reaction of SnO is thermodynamically more
difficult than that of RuO,. Also, a small amount of Ta ions is incorporated
into the SnO: films to enhance the conductivity of the electrode. The
resistivity of SnO; is reported to reach down to 10*Q-cm by Ta doping,
which is sufficient for use as an electrode of DRAM capacitor. Furthermore,
the Ta-doped SnO: films are well crystallized into a rutile phase, thereby
leading to the formation of rutile TiO at a low growth temperature (< 270
°C). Therefore, we demonstrate that Ta-doped SnO; would be a promising
candidate for the electrodes for next-generation DRAM capacitors.

Tandem MS Focus Topic
Room 5 & 6 - Session TM+AS-MoM

New Instrumentation Featuring Tandem MS
Moderators: Chris Anderton, Pacific Northwest National Laboratory, Daniel
Graham, University of Washington

8:20am TM+AS-MoM-1 In Situ MS/MS Analysis on Biological Samples
using Imaging Secondary lon Mass Spectrometry (SIMS), Hua Tian,
Pennsylvania State University INVITED
SIMS imaging allows characterization of biomaterials with high lateral
resolution. The method has not, however, yet gained popularity within the
biological community. One reason is the need for MS/MS analysis due to
isobaric interferences associated with the complex composition of
biomaterials. Although MS/MS has been routine in imaging mass
spectrometry (IMS) with matrix assisted laser desorption ionization
(MALDI), it is rarely incorporated with SIMS imaging. Until recently, only a
few SIMS instruments had the capability of tandem or parallel MS/MS
imaging, for example the J105 3D Chemical Imager, PHI nanoTOF Il and
lonToF Orbitrap Hybrid 3. The identification of lipids and metabolites in
various biosystems, such as Drosophila brain section®, Zebra Finch brain
section, Zebrafish whole body section® and bacteria ?, has been reported so
far. The precise precursor selection, high lateral resolution and high energy
collisional fragmentation are the must-have for the design of new
instrumentation for MS/MS capability. Gas cluster ion source (GCIB) is also
a necessity for generating sufficient precursor ions especially at extended
mass range of SIMS spectra, allowing for a much greater variety of
biomolecule studies. Here, we present a review of the current state of
MS/MS in SIMS, and illustrate the power of this technique using a hybrid
mass spectrometer that employs shaped field bunching for injection into
the collision cell. The possibility to utilize laser-induced photo-
fragmentation in this instrument is also discussed.
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1. Fisher, G. L.; Bruinen, A. L.; Ogrinc Poto¢nik, N.; Hammond, J. S.; Bryan, S.
R.; Larson, P. E.; Heeren, R. M. A., A New Method and Mass Spectrometer
Design for TOF-SIMS Parallel Imaging MS/MS. Analytical Chemistry 2016,88
(12), 6433-6440.

2. Wehrli, P. M.; Lindberg, E.; Angerer, T. B.; Wold, A. E.; Gottfries, J.;
Fletcher, J. S., Maximising the potential for bacterial phenotyping using
time-of-flight secondary ion mass spectrometry with multivariate analysis
and Tandem Mass Spectrometry. Surf Interface Anal 2014,46, 173-176.

3. Hybrid SIMS. https://www.iontof.com/hybrid-sims-ms-ms-organic-mass-
spectrometry-surface-analysis.html (accessed April 28, 2017).

4. Phan, N. T. N.; Munem, M.; Ewing, A. G.; Fletcher, J. S., MS/MS analysis
and imaging of lipids across Drosophila brain using secondary ion mass
spectrometry. Analytical and Bioanalytical Chemistry 2017, 1-10.

9:00am TM+AS-MoM-3 Molecular Depth Profiling with a New Hybrid
SIMS Instrument for Improved Molecular Identification using Tandem MS,
Alexander Pirkl, R Moellers, H Arlinghaus, J Zakel, D Rading, E Niehuis, ION-
TOF GmbH, Germany

The characterisation of organic layer systems is of increasing interest in
many research areas. Since the application of large argon clusters as
sputter species in SIMS, depth profiling of almost all organic materials has
become feasible whilst retaining the intact molecular information during
the profile.

However, molecular identification of unknown substances, e.g.
contaminants, can be hampered by constraints in mass resolution and
mass accuracy of a standard TOF analyser. To overcome this problem, we
have developed a new Hybrid SIMS instrument, which uniquely combines
all advantages of a state-of-the-art TOF-SIMS with the mass spectrometry
performance of an Orbitrap mass analyzer (Q Exactive™ HF) [1]. The Q
Exactive mass spectrometer provides a mass resolution of more than
240,000 @ m/z = 200, sub ppm mass accuracy, and fully integrated MS/MS
capabilities that allow low energy collision induced fragmentation for
structural analysis of complex molecules. All in all this dramatically
increases the level of confidence for the SIMS analysis.

In this contribution, we will present the new instrument and discuss
applications from various fields including organic electronics. We will
demonstrate how the extremely high mass resolution of the Q Exactive
mass spectrometer can be advantageously used to resolve mass
interferences which cannot be separated in a standard TOF-SIMS
instrument. We will also show examples of structural analysis using the
high-performance MS/MS capabilities and discuss the new possibilities of
the unique TOF / Q Exactive mass spectrometer combination.

[1] Passarelli et al, The 3D OrbiSIMS — A new Method for Label-Free
Metabolic Imaging with Sub-cellular Lateral Resolution and High Mass
Resolution, submitted 2017.

9:20am TM+AS-MoM-4 Spatially-resolved Tandem Mass Spectrometry
Increases Molecular Confidence in a Multimodal Mass Spectrometry
Imaging Investigation of a Tripartite Plant-fungus-cyanobacteria
Interaction, Dusan Velickovic, Pacific Northwest National Laboratory; A
Carrell, Duke University; R Chu, Pacific Northwest National Laboratory; D
Pelletier, Oak Ridge National Laboratory; L Pasa-Toli¢, Pacific Northwest
National Laboratory; D Weston, Oak Ridge National Laboratory; C
Anderton, Pacific Northwest National Laboratory

Plant microbiomes represent a complex mix of interacting species with
diverse physiologies and phylogenetic origins. Their functional outcomes
are critical to biogeochemical cycles, yet measuring molecular (e.g.,
metabolite) exchange among interacting species is a major technical
challenge. Traditional bulk metabolomic technologies are often limited in
their ability to distinguish between molecules that remain localized within
microbes and exuded molecules that are in proximity, thus often
disregarding the multifaceted chemical exchange within and between
interacting species. Mass spectrometry imaging (MSI) methodologies have
been recently adopted to visualize the flow of metabolites produced by
agar-supported microbial colonies. Several ionization modalities are
suitable for MSI of microbial communities, with matrix-assisted laser
desorption/ionization (MALDI) being most commonly used. When coupled
with ultra-high resolution mass analyzers (e.g., Fourier transform ion
cyclotron resonance mass spectrometers; FTICR-MS), these imaging
sources offer the high mass resolution and accuracy needed for putative
identification of metabolites in individual pixels in the image. However,
orthogonal methodologies (e.g., tandem MS) are often required for
confident metabolite identification.
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Herein, we explored the interactions within a tripartite system of moss,
cyanobacteria, and fungus using a multimodal imaging strategy, which
employs liquid extraction surface analysis (LESA) tandem MSI to examine
previously MALDI imaged samples. This method improved exometabolite
identification confidence by preserving spatial dimensionality in the
tandem MS experiment. Specifically, we found the combination of these
two imaging modalities generated very congruent mass spectral
information, providing the link between highly accurate structural
information offered by LESA and high spatial resolution attainable by
MALDI. Finally, FTICR-based secondary ion mass spectrometry provided
new insights into tripartite community using correlative fragment data
(SIMS and LESA-MS/MS), while delivering higher lateral resolution MS
images. These multimodal imaging results offer detail metabolic insights
into a moss, cyanobacterium, and fungus in isolation and when in a
tripartite symbiosis.

9:40am TM+AS-MoM-5 The Biosynthesis of Protective Metabolites in
Amazonian Sextonia rubra Revealed by 100 nm-Scale TOF-SIMS Tandem
MS Imaging, Gregory L. Fisher, Physical Electronics; T Fu, D Touboul,
Institut de Chimie des Substances Naturelles, CNRS, France; S Della-Negra,
Institut de Physique Nucléaire, CNRS, France; E Houél, N Amusant, C
Duplais, Cirad, UMR EcoFoG, AgroParisTech, CNRS, INRA, France; A
Brunelle, Institut de Chimie des Substances Naturelles, CNRS, France

We have explored the botanical synthesis of bioactive molecules in the
wood of S. rubra (Figure 1) via TOF-SIMS Parallel Imaging MS/MS. This
investigation is part of an effort to develop a new strategy for investigating
natural product formation in relation to the secondary metabolite
synthesis during heartwood formation. The TOF-TOF tandem mass
spectrometer of the PHI nanoTOF Il enabled, for the first time in this field
of study, simultaneous surface screening of the botanical matrix chemistry
by TOF-SIMS (MS?) imaging and targeted identification of biosynthetic
components by MS/MS (MS?) imaging [1]. Imaging of molecules with
unambiguous identification occurred in minutes without observable
degradation of the specimen. Hence, the wood chemistry was broadly
profiled while multiple tandem MS imaging analyses were performed for
discovery.

The metabolites of rubrynolide and rubrenolide, having significant
xylophage toxicity and antifungal properties [2], are produced in oil cells
that are found in close proximity to both vessels and parenchyma cells.
Moreover, there are thought to be several bio-molecular precursors en
route to these bioactive metabolites. Our goal was to identify biosynthetic
precursors, and to verify their coincidence with rubrynolide and
rubrenolide, via tandem MS imaging. We were able to demonstrate the
presence of numerous precursors and to confirm or derive their structure
using the tandem MS product ion spectrum, thus contributing in the
exploration of natural product biosynthesis.

[1] (a) G.L. Fisher, A.L. Bruinen, N. Ogrinc Potoc¢nik, J.S. Hammond, S.R.
Bryan, P.E. Llarson, R.M.A. Heeren, Anal. Chem. 2016, DOI:
10.1021/acs.analchem.6b01022. (b) G.L. Fisher, J.S. Hammond, P.E. Larson,
S.R. Bryan, R.M.A. Heeren in SIMS XX Proceedings (Ed.: D. Castner), Wiley,
New Jersey, 2016, DOI: 10.1116/1.4943568.

[2] (a) A.M.S. Rodriguez, P.N.E.T. Theodoro, V. Eparvier, C. Basset, M.R.R.
Silva, J. Beauchéne, L.S. Espindola, D. Stein, J. Nat. Prod. 2011, DOI:
10.1021/np1001412. (b) A.M.S. Rodriguez, N. Amusant, J. Beauchéne, V.
Eparvier, N. Lemenager, C. Baudasse, L.S. Espindola, D. Stein, Pest Manag.
Sci. 2011, DOI: 10.1002/ps2167.

10:40am TM+AS-MoM-8 Metabolite Annotation for Ultra-HR Imaging
Mass Spectrometry: MS1 and Beyond, Theodore Alexandrov, European
Molecular Biology Laboratory, Germany INVITED
Metabolite imaging mass spectrometry promises to localize small
molecules, metabolites, and lipids in tissues, microbial and cell cultures,
and to interpret them in the context of cellular heterogeneity. However,
just until recently the molecular interpretation of the big data generated by
this technique was hampered by the lack of bioinformatics for metabolite
identification. We recently developed and implemented a bioinformatics
approach that allowed us to identify hundreds of metabolites from
hundreds of datasets from various biological systems. We will present how
this big data mining approach helps extract molecular knowledge from
terabytes of imaging mass spectrometry data, find the link between
metabolism and disease, and picture metabolites across hundreds of
datasets.
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11:20am TM+AS-MoM-10 Multivariate Analysis of combined ToF-SIMS
and Orbitrap-SIMS data, Henrik Arlinghaus, M Keenan, A Pirkl, R Moellers,
E Niehuis, ION-TOF GmbH, Germany

Advances in SIMS instrumentation, such as the advent of gas cluster ion
sources, have greatly increased the analysis capabilities on organic
samples, e.g. by reducing molecular fragmentation. However, the
identification of molecules may still be limited by the mass resolution and
mass accuracy of the analyzer. A Hybrid SIMS instrument, combining a
ToF-SIMS mass analyzer and an Orbitrap™ mass analyzer (Q Exactive™ HF)
has been developed in order to overcome these limitations, combining the
high lateral and depth resolution and repetition rate of the ToF-SIMS
analyzer with the high mass resolution, mass accuracy, and MS-MS
capabilities of the Q Exactive HF analyzer (240,000 @ m/z = 200, sub ppm
accuracy). This instrument generates a vast amount of data, rendering
manual analysis of the full dataset impractical.

Multivariate analysis (MVA) may be used to reduce complex datasets to a
small set of relevant factors, simplifying data interpretation. Established
multivariate techniques, such as principal component analysis (PCA), have
been used to analyze everything from a small set of inorganic spectra to
complex three dimensional organic samples consisting of hundreds of
millions of voxel spectra, such as OLEDs. These techniques are now
routinely used for ToF-SIMS data analysis in many laboratories.

We will present results of multivariate analysis of datasets acquired using a
Hybrid SIMS instrument, where we simultaneously analyzed both the ToF-
SIMS and Orbitrap-SIMS data. This type of analysis presents unique
challenges, such as contending with vastly different detector technologies
and the corresponding differences in noise characteristics.

[1] Passarelli et al, The 3D OrbiSIMS — A new Method for Label-Free
Metabolic Imaging with Sub-cellular Lateral Resolution and High Mass
Resolution, submitted 2017.

Vacuum Technology Division
Room 7 & 8 - Session VT+MN-MoM

Progress with Measurement in Vacuum
Moderators: Martin Wiiest, INFICON Ltd., Liechtenstein, Steve Borichevsky,
Applied Materials,Varian Semiconductor Equipment

8:20am VT+MN-MoM-1 New Vacuum Standard by Ultra-Precise
Refractive Index Measurement, Jay Hendricks, J Ricker, J Stone, P Egan, G
Scace, K Douglass, D Olson, G Strouse, NIST

NIST has now completed the 5th year of an Innovations in Measurement
Science (IMS) initiative with the aim of developing a new paradigm in the
methodology of pressure and vacuum measurement and primary
standards. The research program has now successfully developed a new
standard that is based on the ultra-precise measurement of gas refractive
index. This advance now enables NIST to replace mercury manometer
standards with a new quantum-based, photonic technique. The new
standard, is based on the fundamental physics of light interacting with a
gas, and when the gas is helium, the refractive index is based upon first
principle quantum chemistry calculations and is realized as a primary
standard. For the vacuum community, a photonic realization of the pascal
represents a fundamental change in how the unit of pressure is realized in
that it will be directly related to the density of a gas by the temperature,
refractive index, and Boltzmann constant. The photonic technique has now
achieved important benchmarks in performance when compared to the
existing primary standards based on mercury manometers: The photonic
technique has a 20x smaller footprint, 100x faster sensing response time,
extended to 100x lower pressure, a tenth of a mPa resolution over the full
range, and has demonstrated impressive accuracy, reproducibility and
hysteresis for an emerging technique [1]. Data will be presented that shows
this technique has now reached or surpassed mercury manometer
performance which creates a new paradigm for vacuum metrology and
realization of the Sl unit, the pascal. Future NIST work will explore
improvements that will enable the device to become a portable pressure
and vacuum standard for international key comparisons in pressure and
vacuum metrology.

[1] Comparison measurements of low-pressure between a laser
refractometer and ultrasonic manometer, Review of Scientific Instruments,
Volume 87, May 2016

Accepted: May 2016, Issue 5, 10.1063/1.4949504
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8:40am VT+MN-MoM-2 Construction and Testing of the NIST Variable
Length Optical Cavity Pressure Standard, Jacob Ricker, J Hendricks, G
Scace, P Egan, J Stone, NIST

NIST is constructing and testing a new refractometer, referred to as the
Variable length optical cavity (VLOC), that will redefine how pressure and
vacuum is measured. NIST has shown in previous talks and papers that this
technique will replace all mercury manometers in the near future.
However, the critical final piece of this project is to base the traceability of
pressure measurements to fundamental constants of the universe and not
on the physical artifacts like mercury density in a manometer. Theoretical
quantum mechanics have been used to precisely calculate the refractivity
(n-1) of a gas. NIST will experimentally verify these calculations and provide
experimental measurements of refractivity for other gasses/mixtures.

The engineering of the VLOC will be discussed along with limitations and
technical complications that have arisen. Specifically, the distortions of the
optical cavities and methods to overcome these limitations. Additionally,
the steps required to maintain ultra-high purity gas will be discussed.
Finally, the testing and final steps to achieve full operation will be discussed
and the relation to the 2018 redefinition of the Boltzmann constant.

9:00am VT+MN-MoM-3 Fast-Switching Dual Fabry-Perot Cavity-based
Optical Refractometry — A Powerful Technique for Drift-Free Assessment
of Gas Refractivity and Density, Ove Axner, | Silander, T Hausmaninger,
Umea University, Sweden; M Zelan, RISE Research Institutes of Sweden,
Sweden INVITED
Since pressure has a temperature dependence it is not trivial to accurately
assess gas amounts by pressuring measuring devices. However, the
(number) density does not suffer from such limitations. Optical
Refractometry (OR) is a powerful technique for assessment of gas
refractivity and density. The highest resolution is obtained when performed
in a Fabry-Perot (FP) cavity. In FP-Cavity based OR (FPC-OR) the change in
the frequency of laser light, locked to a longitudinal mode of a FP cavity, is
monitored while the amount of gas in the cavity is being changed. Since
frequency is an entity that can be assessed with enormous precision, the
precision of FPC-OR can be extremely high. However, although potentially
very powerful, FPC-OR is often limited by thermal deformation of the
spacer between the mirrors. A partial remedy to this is to use two FP
cavities, termed Dual FPC-OR (DFPC-OR).

We have prophesied that if measurements could be done under drift free
conditions, the technique would be able to circumvent most of these
limitations. A possible strategy for drift-free DFPC-OR, termed fast
switching DFPC-OR (FS-DFPC-OR), is presented in which measurements are
made under such short times that the drifts of the cavity can be
disregarded. The methodologies developed circumvent the problem with
volumetric expansion, i.e. that the gas density decreases when gas is let
into the measurement cavity by performing a pair of measurements in
rapid succession; the first one assesses the density of the gas transferred
into the measurement cavity by the gas equilibration process, while the
second automatically calibrates the system with respect to the ratio of the
volumes of the measurement cavity and the external compartment. The
methodologies for assessments of leak rates comprise triple cavity
evacuation assessments, comprising two measurements performed in
rapid succession, supplemented by a third measurement a given time
thereafter.

We predict that refractivity and density can be assessed, under STP
conditions, with a precision in the 10° range. The absolute accuracy is
expected to be given by the calibration source. If characterized with
respect to an internal standard, the accuracy can be several orders of
magnitude better. The temperature dependence of FS-DFCB-OR is
exceptionally small, typically in the 108 - 107/°C range, primarily caused by
thermal expansion of the spacer material.

A first realization of a FS-DFCB-OR set up for assessments of gas refractivity
and density will be presented and its performance will be demonstrated.
We will discuss how to design an FS-DFCB-OR system for optimal
performance for assessments of gas refractivity and density.

9:40am VT+MN-MoM-5 Cold Cathode Gauge Improvements Extend
Performance into UHV Pressure Range, Timothy Swinney, G Brucker, MKS
Instruments, Inc., Pressure and Vacuum Measurement Group

Cold cathode gauges (CCG) of inverted magnetron design are routinely
used to measure pressure in industrial high vacuum chambers. Reduced
internal outgassing, compared to hot cathode gauges, also makes CCGs
well suited for accurate ultra-high vacuum (UHV) measurement in
applications such as high-energy physics, surface science experiments and
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ultrahigh resolution mass spectrometers. In order to provide accurate and
repeatable pressure measurements extending into deeper UHV levels, it is
important to design CCGs that provide a consistent linear response to
pressure over the entire measurement range. Our latest research efforts
have focused on the understanding of gauge signal response to pressure
with particular emphasis on the displacement of the magnetron knee and
discharge sustain issues to lower pressures through systematic design
changes. In this presentation, the linear response of CCGs to pressure is
explained based on a simple pure electron plasma model. Pressure
readings below the magnetron knee are described in terms of a pressure-
dependent plasma model controlled by design parameters. The effect of
magnetic strength, electric field and plasma boundary conditions on the
onset of the magnetron knee and the ability to sustain a stable discharge
into UHV levels is described. A patent-pending modification to the CCG
internal electrode design is presented that extends the operational
pressure of the gauge into deeper UHV levels by controlling the location of
the pure electron plasma inside the ionization volume. This new
understanding of CCG signal response to pressure has led to the
development of enhanced sensor designs that operate at pressures one to
two decades lower than legacy designs.

10:00am VT+MN-MoM-6 Sapphire MEMS based Capacitance Diaphragm
Vacuum Gauge for 0-0.1Torr Operating at 200 °C, Takuya Ishihara, Azbil
Corporation, Japan; M Sekine, M Soeda, M Nagata, Azbil Corporation

To meet with downsizing of semiconductor device, various new
manufacturing processes such as Atomic Layer Deposition (ALD) and
Atomic Layer Etching (ALE), are put into practical use. In particular, ALE is a
new atomic level etching technique, which can be applied to high aspect
ratio structure or narrow slit . Conventionally, the pressure range of
capacitance manometer for etching process is mainly 0-0.1Torr for reasons
such as using inductively coupled plasma. And self-heating temperature of
that is usually 45 °C, or at most 100 °C for the stabilization.

In this paper, authors have assumed that towards ALE process
enhancement, etching would require high temperature process operation,
such like 200 °C to prevent by-product from depositing inside of
manometer in deposition step. Therefore, there is a motivation to develop
capacitance manometer with its pressure range of 0-0.1Torr operating at
150-200 °C.

Entirely sapphire-based capacitive pressure sensor chips utilizing MEMS
(Micro-Electro-Mechanical Systems) processes, which can be operated at
200 °C with from 0-1 to 0-1000 Torr pressure range have been developed
by authors (Fig.1). To diminish pressure range to 0-0.1Torr, we need to
reduce sensor diaphragm thickness to get sufficient sensitivity, but thinner
diaphragm would be influenced heavily by noises, such like vibration from
vacuum pumps, diaphragm sticking, and mechanical stress from sensor
package and so on.

One of the critical issue is the zero point drift which was observed under
back ground vacuum level after applied pressure over 100 °C (Graph.1). As
a result of various verification experiments, this phenomenon was proved
to be caused by the slight difference of temperature between sensor
diaphragm surface and dilute gas in back ground vacuum. In other words,
thermal energy exchange between diaphragm and gas results local
expansion or shrinkage of the diaphragm because of its thinner thickness,
which deform diaphragm (Fig.2). In our thermal simulation like Fig.3, only
0.05 °C temperature deference causes 0.5% Full Scale zero point drift at
0.1Torr range, which is fatal for the monitoring or controlling of the
process. The temperature of the background gas depends on the
temperature of inside wall of the process chamber which cannot be
controlled by capacitance manometer itself. To solve this problem we have
developed new sensor chip structure utilizing sapphire MEMS technology
in which the process gas exchanges thermal energy with sensor chip before
arriving to the diaphragm (Fig.4). By this new sensor chip, the zero point
drift was suppressed to under 0.1% Full Scale, which is sufficient value to
apply for the processes (Graph.1).

10:40am VT+MN-MoM-8 ROSINA/Rosetta: Exploring the Origin of our
Solar System with Mass Spectrometry in Space, Kathrin Altwegg,
University of Bern, Switzerland INVITED
On 30 September 2016 the European Space Agency’s Rosetta spacecraft
softly crash-landed on comet 67P/Churyumov-Gerasimenko and brought
an intense period of more than 2 years of continuous investigation to an
end. Rosetta data led to many discoveries about the origin of the material
and the processing in our early Solar System. Among the payload
instruments, ROSINA, the mass spectrometer suite, obtained fundamental
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properties of the comet by measuring the gases emanating from its
nucleus.

Besides detecting many organic molecules never seen in space before,
ROSINA was also able to measure precise isotopic abundances for noble
gases, sulfur and silicon as well as D/H in water and H2S. By following the
comet from 3.8 AU to perihelion and out again to 3.8 AU desorption
patterns could be followed for individual species, allowing deeper insights
into the nature of cometary ice. Some of the findings clearly point to
unprocessed ice from the prestellar stage which allows to study chemistry
in the presolar cloud more or less “in situ”.

Some of the most important findings will be discussed in the presentation
like the “zoo” of volatile and semi-volatile organics, the isotopic signature
of Xenon and its relation with the terrestrial atmosphere.

11:20am VT+MN-MoM-10 Stabilization of Emission Current from Cold
Field Emitters by Reducing Pressure to 10-'° Pa, Keigo Kasuya, T Ohshima,
S Katagiri, T Kawasaki, Hitachi, Ltd., Japan

In the presence of a strong electric field, electrons are emitted from sharply
pointed cathodes at room temperature. This cold field emission (CFE)
process provides a prominent electron beam with high brightness and a
low energy spread, so CFE emitters are used extensively in a variety of
electron microscopes.

One of the important challenges for CFE is stabilizing the emission current.
The adsorption of residual gases on the emitter increases the surface work
function and decreases the emission current over time. Additionally,
surface sputtering by ions causes irregular current fluctuations.

One way to stabilize emission current is to reduce the pressure around the
electron gun. This decreases incident gases and ions hitting the emitter and
slows the current decrease. We reduced the pressure of an electron gun
from 10 to 10'1° Pa by using non-evaporative getter (NEG) pumps [1]. This
stabilized the emission current so that it was almost constant over a 24
hour period. The 90% decrease time, the time it takes the current to fall to
90% of the initial value, was increased from 10 minutes to 1280 minutes. In
addition, the maximum emission current was increased from 30 pA to 1000
WA. With this gun, operators can use electron microscopes without the
need for emission current adjustment.

By applying this technology, we developed a 1.2 MV high voltage
transmission electron microscope [2]. The electron gun is equipped with a
preaccelerator magnetic lens for enhancing the effective brightness of the
electron beam. The pressure of the gun was 3X10'%° Pa, and a stable
emission current was obtained. The microscope achieved the world’s
highest spatial resolution of 43 pm.

Part of this research was funded by a grant from the Japan Society for the
Promotion of Science (JSPS) through the “Funding Program for World-
Leading Innovative R&D on Science and Technology (FIRST Program),”
initiated by the Council for Science and Technology Policy (CSTP).

[1] K. Kasuya et al., J. Vac. Sci. Technol. B, 34, 042202 (2016).
[2] K. Kasuya et al., J. Vac. Sci. Technol. B, 32, 031802 (2014).

11:40am VT+MN-MoM-11 Measurement and Prediction of Quadrupole
Mass Spectrometer Sensitivities, Robert Ellefson, REVac Consulting

Accurate analysis of partial pressure and gas composition by quadrupole
mass spectrometry (QMS) requires measuring the QMS sensitivities and
fragmentation factors for gas species of interest. The sensitivity is the ratio
of ion current for the species to the partial pressure of that species.
Fragmentation factors are ratios of fragment [#] ions to the parent ion and
are used to correct for species interference at the fragment mass.
Measurement with pure gases of each species is the traditional method for
determining sensitivities and fragmentation factors; this involves a
significant investment in gases and delivery hardware. The QMS ion source
operates in the molecular flow regime so that for each species, gas flow is
independent of other components present. This allows known mixtures of
species to be used for independently measuring multiple species
sensitivities. Data using two designed mixtures are presented giving
sensitivities and fragmentation ratios for nine species: H,, He, H.0, N», O,
Ar, CO2, Kr and Xe. Gases are delivered to the QMS with a molecular flow
inlet system which delivers a broad range of predictable partial pressures
for species. Sensitivity versus partial pressure determines the range of
linear operation of the QMS indicated by constant sensitivity for that
species over a range of pressure. A model for predicting QMS sensitivities
for species not measured is also presented. The model uses the QMS
sensitivities for the known gas species analyzed to determine the
parameters for predicting the sensitivity of an unknown. The factors of the
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model are: 1. A calculated [#] ionization cross section as a function of
incident electron energy data from the NIST Web Book, 2. The mass
spectrum of the gas from the Web Book, 3. A model for ion transmission as
a function of mass for the QMS in use, and, 4. The QMS sensitivity for N2 as
a reference point to capture the ion source geometry and unique behavior
of the QMS under test. Examples of the predictive method and estimated
uncertainty are given.
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2D Materials Focus Topic
Room 15 - Session 2D+MI-MoA

Novel 2D Materials
Moderator: Kathleen McCreary, Naval Research Laboratory

2:00pm 2D+MI-MoA-2 Computational Characterization of 2D Perovskite
Oxides Nanosheets, Yanfu Lu, S Sinnott, Pennsylvnia State University

The metal oxides known as perovskites are well-known for a variety useful
properties, including piezoelectricity, ferroelectricity, and magnetism. The
bulk form of these materials has been well-studied over the last few years
with computational materials science methods to better understand their
structure-property relationships. More recently, two-dimensional (2D)
materials “beyond graphene” have attracted substantial attention because
of the potential for electron confinement and engineering of the electronic
structure. According to V. Gopalan & R. Engel-Herbert (Nat. Mater, 2016),
there are 389 theoretical predicted perovskite bulk structures, ABOs ,
where over half of them have been synthesized. When the same structure
is synthesized in 2D form, the stoichiometry becomes AnB;.103n+1. TO
identify perovskite oxides that may be produced as free-standing
nanosheets, different thickness and different crystal orientation respect to
the normal surface will be considered. When density functional theory
(DFT) calculations are performing to each possibility, the accurate
formation energy, lattice parameter, ionic polarization, and electronic
bandstructure will be obtained to reveal the new ferroelectric, magnetic,
and other properties associated with the formation of 2D materials from
normally three-dimensional perovskite materials. The work performed here
will consist of high-throughput first principles calculations. The results will
be added to a searchable on-line database of 2D materials and freely
disseminated to the community.

2:20pm 2D+MI-MoA-3 Electronic and Optoelectronic Physics in the van
der Waals Heterojunctions, Philip Kim, Harvard University INVITED
Recent advances of van der Waals (vdW) materials and their
heterostructures provide a new opportunity to realize atomically sharp
interfaces in the ultimate quantum limit. We demonstrate the enhanced
electronic optoelectronic performances in the vdW heterostructures,
suggesting that these a few atom thick interfaces may provide a
fundamental platform to realize novel physical phenomena, such as
hydrodynamic charge flows, cross-Andreev reflection across the quantum
Hall edges states, and interlayer exciton formation and manipulations.

3:00pm 2D+MI-MoA-5 Discovery of over 1000 New Two-dimensional
Materials, 487 One-dimensional Molecular Wires and 98 Naturally
Occurring Heterostructures, Gowoon Cheon, K Duerloo, A Sendek, C Porter,
Y Chen, E Reed, Stanford University

Layered materials held together by weak interactions including van der
Waals forces, such as graphite, have attracted interest for both
technological applications and fundamental physics. Only a few dozen two-
dimensional van der Waals solids have been subject to considerable
research focus, although there likely to be many more and which could
have superior properties. In this work, we identify 1173 two-dimensional
layered materials and 487 materials that consist of weakly bonded one-
dimensional molecular chains out of 58097 inorganic materials in the
Materials Project. This is an order of magnitude increase in the number of
identified materials, with most materials not known as two- or one-
dimensional materials. To achieve this, we developed a novel data mining
algorithm that determines the dimensionality of weakly bonded
components contained in bulk, 3D crystal structures based on atomic bond
lengths. Data mining allows for screening of all materials in the database,
including but not confined to materials belonging to known families of two-
or one-dimensional materials. Moreover, we identify 98 weakly bonded
heterostructures that exist as bulk materials, opening new possibilities for
much-studied assembly of van der Waals heterostructures.

Data on the families of materials, band gaps and point groups for the
materials identified in this work are presented. Point group and
piezoelectricity in layered materials are also evaluated in single-layer
forms. 325 of these materials are expected to have piezoelectric
monolayers with a variety of forms of the piezoelectric tensor. This work
significantly extends the scope of potential low-dimensional weakly
bonded solids to be investigated.
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4:00pm 2D+MI-MoA-8 Anisotropic 2D Palladium Diselenide with High
Mobility for Air-stable Electronics, Akinola Oyedele, University of
Tennessee; L Liang, A Puretzky, S Yang, A Strasser, C Rouleau, B Sumpter, D
Geohegan, Oak Ridge National Laboratory; K Xiao, Center for Nanophase
Materials Sciences, Oak Ridge National Laboratory

Two-dimensional crystals are emerging materials for the realization of
nanoelectronic devices including transistors, photodetectors, and chemical
sensors. These ultra-thin electronics require candidate systems with high
carrier mobility, sizeable and tunable bandgaps, and air stability, which are
important for high-speed, durable applications. We present a new
candidate, palladium diselenide (PdSez), with a similar puckered structure
to black phosphorus, into the growing family of 2D materials. PdSe:
exhibits a strong layer-dependent bandgap variation from ~0.2 eV (bulk) to
~1.3 eV (monolayer), and an electron mobility as high as ~330 cm?V-1s? for
few-layer systems. Due to their low-symmetry, PdSe: exhibits very
interesting anisotropic behavior and the strong interlayer interaction is
revealed from the large thickness-dependent Raman peak shifts, agreeing
with first-principles Raman simulations. Unlike, black phosphorus, PdSe: is
air-stable, thus making it a promising candidate that will spark interest for
2D electronics.

Acknowledgement: This work was conducted at the Center for Nanophase
Materials Sciences (CNMS), which is a DOE Office of Science User Facility.

4:20pm 2D+MI-MoA-9 Hexagonal Boron-Carbon-Nitrogen — A Two-
dimensional Direct Band Gap Semiconductor, Axel Enders, University of
Bayreuth, Germany; S Beniwal, University of Nebraska - Lincoln; J Hooper,
Jagiellonian University, Poland; D Miller, SUNY Buffalo; P Costa, University
of Nebraska - Lincoln; S Liu, Boston College; C Sykes, Tufts University; E
Zurek, SUNY Buffalo

Two-dimensional h-BCN, synthesized from the precursor molecule bis-BN
cyclohexane on the (111) surfaces of Ir and Rh under ultrahigh vacuum,
was investigated with a comprehensively suite of in-situ local probe
microscopy and spectroscopy methods. The lattice structure of h-BCN is
identical to that of graphene, with the graphenic sites occupied by atoms of
boron, nitrogen and carbon. The film morphology exhibits a strain driven
corrugation with a periodicity of 3.2 nm, reminiscent of published results
for epitaxial graphene and h-BN. Due to differences in the epitaxial fit and
interfacial interactions, this corrugation is more ordered on the Rh surface.
Out of several candidate structures that are feasible by connecting the
B2C2N2 rings of the precursor molecules, the most likely film structure was
established through combined density functional theory and X-ray
photoelectron spectroscopy that studies the chemical environment of the
film’s atoms. Local tunneling spectroscopy shows an electronic band gap of
h-BCN of 1.0 eV on Rh(111) and of 1.5 eV on Ir(111). On the basis of these
measured gaps and the computationally predicted electronic band
structure, especially a direct electronic band gap that is intermediate to
those of the zero-band gap semiconductor graphene and the insulating h-
BN, and the theoretical prediction that the band gap is dependent on the
molecular tiling, it can be expected that the h-BCN layers are potentially
exciting candidates for 2D electronic materials.

S. Beniwal, J. Hooper, D. P. Miller, P. S. Costa, G. Chen, S.-Y. Liu, P. A.
Dowben, E. C. H. Sykes, E. Zurek, and A. Enders, “Graphene-like Boron—
Carbon—Nitrogen Monolayers,” ACS Nano, vol. 11, no. 3, pp. 2486-2493,
Mar. 2017.

Actinides and Rare Earths Focus Topic
Room 22 - Session AC+AS+SA+SU-MoA

Chemistry and Physics of the Actinides and Rare Earths
Moderator: David Shuh, Lawrence Berkeley National Laboratory

1:40pm AC+AS+SA+SU-MoA-1 Oxidation and Crystal Field Effects in
Uranium, James G. Tobin, University of Wisconsin-Oshkosh; S Yu, Lawrence
Livermore National Laboratory; C Booth, Lawrence Berkeley National
Laboratory; T Tyliszczak, Lawrence Berkeley Lab, University of California,
Berkeley,; D Shuh, Lawrence Berkeley National Laboratory; G van der Laan,
Diamond Light Source, UK; D Sokaras, D Nordlund, T Weng, Stanford
Synchrotron Radiation Lightsource; P Bagus, University of North Texas

An extensive investigation of oxidation in uranium has been pursued. [1]
This includes the utilization of soft x-ray absorption spectroscopy, hard x-
ray absorption near-edge structure, resonant (hard) x-ray emission
spectroscopy, cluster calculations, and a branching ratio analysis founded
on atomic theory. The samples utilized were uranium dioxide (UO.),
uranium trioxide (UOs), and uranium tetrafluoride (UF4). A discussion of the
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role of nonspherical perturbations, i.e., crystal or ligand field effects, will be
presented. The conclusions are as follows. (1) The hypothesis of the
potential importance of CF effects in the XAS branching ratio (BR) analysis
of 5f states was incorrect. (2) Both UO2 and UF4 are nsf = 2 materials. The
combination of the 4d XAS BR and RXES analyses is particularly powerful.
(3) CF broadening in the Ls RXES spectroscopy does not preclude a
successful analysis. (4) The prior experimental result that nsf (UO2) = 3 and
the proposed causation by covalent bonding was incorrect. UO: is an n5f =
2 material and analysis within a simple, ionically localized picture provides
the correct result. (5) UOs appears to be an nst = 1 material. (6) While the
4d XAS BR analysis is blind to CF effects, crystal field and covalence remain
important. (7) For localized actinide systems, the 4d XAS BR analysis
founded upon the utilization of the intermediate coupling scheme remains
a powerful tool. (8) For delocalized actinide systems, the BR analysis is
problematic.

[1] J. G. Tobin, S.-W. Yu, C. H. Booth, T. Tyliszczak, D. K. Shuh, G. van der
Laan, D. Sokaras, D. Nordlund, T.-C. Weng, and P. S. Bagus, Phys. Rev. B 92,
035111 (2015)

2:00pm AC+AS+SA+SU-MoA-2 Electron Spectroscopy Studies of U and U-
Mo Hydrides, Ladislav Havela, M Paukov, M Dopita, L Horak, M Divis, |
Turek, Charles University, Prague, Czech Republic; T Gouder, A Seibert, F
Huber, European Commission, Joint Research Centre, Karlsruhe, Germany;
D Legut, VSB - Technical University of Ostrava, Czech Republic

U hydride was the first material indicating that 5f states can vyield
ferromagnetism analogous to 3d metals. However, the electronic structure
of UHs is not yet well understood, and it is not clear to which extent it can
be described by conventional band structure calculations. We have been
studying structure and electronic properties of UHs and (UH3)1xMox films
synthesized by reactive sputtering. Primary diagnostics was performed by
in-situ XPS. The U-4f core level spectra exhibit a development as a function
of partial pressure of Hz in Ar (par = 8%103 mbar). Their intensity gradually
decreases, they shift by 0.2 eV towards higher binding energies (BE) and an
extended (9 eV wide) satellite structure develops on the high BE side of
both 4f peaks. This tendency saturates at 5% H. concentration, and we
assume that this pressure is sufficient to form UHs. XRD and X-ray
reflectivity proved indeed the B-UHs structure of deposited films, which
were polycrystalline, but highly textured. Ferromagnetism of the UH3 films
has the correct Curie temperature Tc = 165 K. Magnetic coercivity of the
films is enormous, the width of hysteresis loop exceeds 10 T at low
temperatures. Details of the valence band observed in UPS reveal a
transformation of the triangular emission of the U metal into a sharp
feature at the Fermi level accompanied by a broad shoulder around 0.5 eV
for the hydride. A distinct development was noticed also for the U-6p
states, which become narrower and shift by 1.2 eV to higher BE in the
hydride, which can be interpreted as an impact charge transfer from U
towards H. Besides photoelectron spectroscopy, the variations of electronic
states were monitored also by BIS spectra collected for the 1486.6 eV
photon energy. The spectroscopy results are confronted with different
types of in-initio calculations.

As U-Mo alloys tend to form nanocrystalline B-UHs based hydrides, we
were curious about reactive sputter deposition of the U-Mo alloys. We
found that the tendency to form hydrides is fast suppressed by Mo for
room temperature sputtering (y-U alloy without H is the product), but
cooling the substrate to 77 K helps to maintain the hydride phase even for
even higher Mo concentrations.

This work was supported by the Czech Science Foundation under the grant
No. 15-01100S.

2:20pm  AC+AS+SA+SU-MoA-3 Comparative Structural Studies of
Tetravalent f ions in Solids and in Aqueous Solutions, Lynda Soderholm,
Argonne National Laboratory INVITED
Predicting a metal ion’s aqueous chemistry — including its stability,
reactivity, and solubility — requires molecular-level knowledge of the
various factors influencing speciation and complex formation. This
chemistry is particularly complicated for f-ions, where the electrostatic,
non-directional bonding provides flexibility to their coordination
environments, which can vary widely depending on the ligating species.
This presentation will focus on our efforts to establish trends in f-ion
solution behavior and to provide a direct link between metal correlations in
solution and the thermodynamic stability constants that are used to derive
relative free energies of available metal-ligand complexes. Although several
examples will be provided, the discussion will center on a comparison
between the behaviors of tetravalent Th, Pu, and Ce and how differences in
the complexes formed in solution impact the composition and structure of

Monday Afternoon, October 30, 2017

28

precipitates that form. High-energy X-ray scattering (HEXS) experimental
results will be used to demonstrate how changing conditions can influence
solution chemistry, with a specific emphasis on the role of the anion. X-ray
surface-based techniques will be used to provide a link between solution
speciation and the complexes that form on mineral surfaces. The structures
of molecular species isolated as single-crystals from these solutions will be
directly compared with the solution and surface-adsorbed species. This
work is supported by the U.S. Department of Energy, Office of Basic Energy
Science, Division of Chemical Sciences, Biosciences and Geosciences, Heavy
Element Chemistry, under contract No. DE-AC02- 06CH11357.

4:00pm  AC+AS+SA+SU-MoA-8 Interfacial Dynamics in Radiation
Environments and Materials: An Energy Frontier Research Center, Sue
Clark, Pacific Northwest National Laboratory INVITED
The US Department of Energy’s Office of Environmental Management (EM)
is faced with remediating millions of liters of highly radioactive wastes that
resulted from the production of nuclear weapons during the Cold War.
These legacy wastes are stored in large, underground tanks at former
nuclear weapons production sites in the US. Not only are these wastes
radioactive, but they are also highly alkaline and concentrated in
electrolytes. Using currently available technologies and approaches. EM
estimates that processing these wastes into waste forms for disposal in a
geologic repository will take at least 5 decades and over $300 billion
dollars. Basic research on the chemical and physical behavior of these
materials in such extreme conditions is needed to provide a foundation of
innovation to accelerate processing and reduce aggregate costs.

IDREAM is an Energy Frontier Research Center (EFRC) conducting
fundamental research to support innovations in processing high-level
radioactive wastes (HLW). Activities in IDREAM are designed to support the
transformation of HLW processing by elucidating the basic chemistry and
physics required to control and manipulate interfacial phenomena in
extreme HLW environments (e.g., non-equilibrium, heterogeneous, and
chemically complex). This foundational knowledge is required to achieve
IDREAM’s vision to master molecular-to—mesoscale chemical and physical
phenomena at interfaces in complex environments characterized by
extremes in alkalinity and low-water activity, and driven far from
equilibrium by ionizing (g,b) radiation. Further, understanding these
processes will enable prediction of waste aging over the many decades
required to complete this difficult cleanup task.

Currently, IDREAM activities focus on the aluminate anion in alkaline
solutions, and its nucleation into boehmite (aluminum (oxy)hydroxide,
AIO(OH)) and gibbsite (aluminum hydroxide, Al(OH)s) , as they are key
principal components of bulk waste materials to which a variety of other
metal ions and radionuclides partition. In this presentation, initial results
on interfacial reactivity between aluminate, boehmite, and gibbsite will be
discussed. The impact of g and b radiation on boehmite and gibbsite will
also be presented.

4:40pm AC+AS+SA+SU-MoA-10 Real Structure of Nanocrystalline Uranium
based Hydrides Studied By the X-ray Scattering Methods, Milan Dopita, L
Havela, L Horak, M Paukov, Charles University, Prague, Czech Republic; Z
Matej, MAX-IV, Lund, Sweden

Interaction of hydrogen with uranium is not only an important issue for its
nuclear and military applications but also contributes to understanding of
the 5f magnetism. Uranium hydrides provide a unique tool to observe an
impact of expansion of the U lattice, allowing formation of U moments and
their ferromagnetic ordering. However, the electronic structure of uranium
hydrides is not fully understood yet. Especially, the role of the real
structure, i.e. the influence of the lattice defects, particle size in the
nanocrystalline bulk materials and the preferred orientation of crystallites
— the texture, the strains and stresses in the case of films is not well
described, but can significantly influence electronic and magnetic
properties of materials.

In our contribution we report the real structure of bulk and powder Mo-
and Zr-alloyed uranium hydrides, prepared by rapid (splat) cooling and high
pressure synthesis, and Mo alloyed uranium hydride films synthesized by
reactive sputtering, using X-ray scattering methods. The sample series with
different alloying element concentration as well as at different hydrogen
pressure were prepared. Since the classical powder diffraction methods, as
the profile analysis and/or Rietveld method, reach the limits of their
applicability for the nanocrystalline uranium hydrides alloys in terms of the
real structure description, the use of more advanced methods is necessary.
Here we describe the total scattering method — pair distribution function
analysis, and Debye equation calculation for simulations of the intensity
scattered from nanocrystalline clusters.
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The key results of our study were the determination of the phase
composition and its evolution, as well as detailed atomic positions, which
can influence the U-U spacings in individual phases, tuning the 5f
magnetism. The methods are able to describe the particle size and defect
distributions, the stress, strains, and textures in the films. In addition, the
depth profiles and evolution of above mentioned parameters can be
determined. Such X-ray analysis provides useful characterization of the
sputter-deposited films, which are also used for fundamental electron
spectroscopy studies of UHs-based films, exhibiting much lower surface
contamination by oxygen than comparable bulk material.

This work was supported by the project “Nanomaterials centre for

advanced applications”, Project No. CZ.02.1.01/0.0/0.0/15_003/0000485,
financed by ERDF.

Applied Surface Science Division
Room 13 - Session AS+BI-MoA

Practical Surface Analysis: Complex, Organic and Bio-
systems

Moderators: Scott Lea, Pacific Northwest National Laboratory, Paulina
Rakowska, National Physical Laboratory, UK

2:00pm AS+BI-MoA-2 Environmental Charge Compensation - Near
Ambient Pressure XPS as a Tool for Surface Chemical Analysis of
linsulators without Charging Effects, Paul Dietrich, A Thissen, SPECS
Surface Nano Analysis GmbH, Germany, S Bahr, Enviro Analytical
Instruments GmbH, Germany

Since many decades XPS (or ESCA) is the well-accepted standard method
for

non-destructive chemical analysis of solid surfaces. To fulfill this task
existing ESCA tools

combine reliable quantitative chemical analysis with comfortable sample
handling concepts,

integrated into fully automated compact designs.

Generically insulators will positively charge in XPS due to the irradiation
with X-rays and

the emission of photoelectrons. Without compensation this effect leads to
strong continuous

shifts and asymmetric line shapes of the emission lines in the spectra. To
perform an exact

characterization and quantification of strongly
different concepts of

insulating materials

charge compensation or neutralization have been developed over the last
decades. A short

overview is given starting from low energy electrons offered from so-called
"flood guns" or

other sources, via compensation by a combination of electrons and ions to
rare methods like

illumination with visible light during the analysis and compensation by the
produced

electron-hole pairs. The opportunities and challenges of the different
methods are compared.

The development of XPS method towards environmental or (near) ambient
pressure

working conditions has revolutionized this method regarding applications.
In-situ and

in-operando measurements in pressure of up to and above 25mbar are
easily possible, even

with laboratory based systems and using EnviroESCA even in a standard
analytical tool.

During the last months, measurements on insulators have shown, that they
can be measured

with exception in surrounding pressures of a couple of mbar without any
charging. This new

technique of charge neutralization is neamed Environmental Charge
Compensation (ECC).

This presentation summarizes results of measurements on insulating
polymer samples,
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showing the resulting spectroscopic resolution for C1s and Ol1s emission
lines. A

comparison for PET and PTFE to other neutralization techniques is given. In
addition

measurements on bulk insulators from polymeric materials, ceramics, food
samples,

aqueous solutions, stones, soil and even zeolites are shown, that cannot
easily be obtained in

UHV based XPS systems.

Furthermore the effect is described in detail, including the influence of
pressure and gas

composition on the charge neutralization. An outlook is presented towards
completely new

resulting fields of application of XPS, when combined with ECC.

2:20pm AS+BI-MoA-3 Does Time Play a Role in Glyoxal and Hydrogen
Peroxide Photochemical Aging?, Fei Zhang, X Yu, X Sui, Pacific Northwest
National Laboratory; J Chen, Fudan University, Z Zhu, X Yu, Pacific
Northwest National Laboratory

Aqueous surfaces consisting of glyoxal and hydrogen peroxide (H20.) after
photochemical aging have been studied in a microfluidic reactor (System
for Analysis at the Liquid Vacuum Interface, SALVI) by in situ liquid Time-of-
Flight Secondary lon Mass Spectrometry (ToF-SIMS). Positive and negative
ion mode mass spectra provide complementary information of the surface
reactions. Compared with previous results using bulk solutions, our unique
liquid surface molecular imaging approach makes it possible to observe
glyoxal hydration (i.e., first and secondary products, hydrates), oxidation
products (i.e., glyoxylic acid, oxalic acid, formic acid, malonic acid, tartaric
acid), oligomers (i.e., C7H1109¢*, CsHsO0107), water clusters (i.e., (H20).H*, n<
43, (H,0).0OH7, n< 44), and cluster ions (i.e.,CéH17012*, C7HoO117) with
submicrometer spatial resolution. Spectral principal component analysis
(PCA) is used to determine similarities and differences among
photochemical aging samples ranging from 15 minutes to 8 hours. The
oxidation products such as glyoxylic acid, glycolic acid, and tartaric acid
tend to peak at around between 30 min and 1 h. UV aging; while oligomers
and large water clusters (i.e., (H20)220H;, (H20)230H-,(H20)240H") form
significantly at about 3 h. The oligomer formation reaches its maximum at 4
h., and reduces afterwards. Large water clusters (n> 15) become more
significant as photochemical aging progresses, indicating more
hydrophobicity at the aqueous surface as predicted by molecular dynamic
simulation in earlier works. SIMS three-dimensional (3D) chemical mapping
enables visualization of the surface mixing state at the molecular level. We
have presented the temporal progression of the 3D surface mixing state of
various products from glyoxal and hydrogen peroxide oxidation for the first
time. Such physical measurements pave a new way to investigate complex
surface reaction mechanisms as an important source of aqueous secondary
organic aerosol (SOA) formation in atmospheric chemistry.

2:40pm AS+BI-MoA-4 Study of Drug Uptake and Action on Metabolic
Processes at the Single-Cell Level using the 3D OrbiSIMS, lan S. Gilmore,
M Passarelli, M Lorenz, National Physical Laboratory, UK; C Newman, P
Marshall, A West, GlaxoSmithKline, UK; P Rakowska, R Havelund, C Dollery,
National Physical Laboratory, UK

A major quest for the pharmaceutical industry is the reduction of late-stage
drug failure. Measurements that can identify future failure at the early
stages of drug development are therefore of great importance. This
requires label-free imaging of the distribution of pharmaceutical
compounds and metabolites with subcellular resolution. We have
previously shown [1] that ToF-SIMS can provide useful sub-cellular
resolution images but analysis is limited by insufficient mass accuracy, mass
resolving power for accurate identification of metabolites and sensitivity.

We have recently led the development of a powerful new hybrid
instrument, the 3D OrbiSIMS [2], combining an Orbitrap™-based Thermo
Scientific™ Q Exactive™ HF instrument and a dedicated ToF-SIMS 5. The
instrument is equipped with high-resolution ion beams including a new
micrometre resolution argon cluster ion beam for biomolecular imaging
and 3D analysis of organics and an ultra-high resolution Bi cluster focussed
ion beam with < 200 nm resolution.

In this study, we demonstrate the unparalleled ability for 2D and 3D
metabolite imaging with sub-cellular resolution. We show significant
variability of drug uptake at the single cell level and demonstrate direct
evidence of up regulation of metabolites. This can only be revealed with a
single-cell study. Furthermore, we demonstrate a new method for in situ
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matrix deposition for 3D imaging that significantly increases sensitivity. This
is especially important for current drug candidates with Log P values < 3
(Lipinski rule of five), which are known to have low molecular secondary
ion yields. [3]

[1] M.K. Passarelli et al, Analytical chemistry 87 (13), 2015, 6696
[2] M.K. Passarelli et al, submitted, 2017
[3] J.L. Vorng et al, Analytical Chemistry 88 (22), 2016, 11028

3:00pm AS+BI-MoA-5 TOF-SIMS Cluster Beam Depth Profiling and 3D
Imaging of Oral Drug Delivery Films, Greg Gillen, S Muramoto, J
Staymates, E Robinson, NIST

Dissolvable oral thin film (OTF) drug delivery systems are gaining increased
interest as convenient alternatives to more conventional tablets and
capsules for drug delivery applications. The OTF’s are typically made by
mixing an active pharmaceutical ingredient (API) into a dissolvable polymer
that is administered to the patient by placing under the tongue or against
the inside of the cheek. Direct adsorption of the API into the systemic
circulation bypasses gastrointestinal delivery and can provide higher levels
of bioavailability and a more rapid release profile in appropriate
medications. One critical challenge with further development of OTF drug
delivery systems is the lack of appropriate measurement tools for the
characterization of APl concentration, phase and dose uniformity
throughout the depth of the polymer film (typically ~100 um in thickness).
Furthermore, OTF’s are currently manufactured as bulk sheets with fixed
levels of API. This is a significant roadblock to realization of OTF’s for
personalized medicine where there is a growing interest in manufacturing
of OTF's with individualized and patient-specific APl dosages. One
promising method of production of such films that is currently being
explored in our laboratory is the used of drop on demand inkjet printing to
precisely deposit individualized API doses onto prefabricated films.

In this work, we explore the utility of Time of Flight Secondary lon Mass
Spectrometry (TOF-SIMS) using gaseous cluster ion beam (GCIB) depth
profiling for the characterization of the lateral and in-depth distribution of
API’s in model OTF films. Three types of films were examined; (1) model
thin films of pullulan, (2) model thin films of pullulan that had been dosed
using drop on demand inkjet printing with various concentrations of
relevant API's and (3), commercially available OTF films (single and
multilayer films) containing the anti-opioid medications buprenorphine and
naloxone which are widely used medications for treatment of opioid
dependency. Cluster SIMS depth profiing was able to resolve
compositional differences throughout the depth of each of these films (>70
um in thickness) and localize the individual API’s. Furthermore, the ability
to characterize the lateral and in depth distribution of API’s in individual
inkjet droplets will be demonstrated as well as the use of inkjet printing to
prepare in situ concentration standards for evaluation of dosage variability.
Finally, we also demonstrate the use THz Raman imaging for chemical
identification of the APl and possible phase changes due to the use of
inkjet-printed formulations.

3:20pm AS+BI-MoA-6 Characterisation of Bioelectronic Material Surfaces
using Surface Spectroscopies, Sarah Coultas, Kratos Analytical Limited, UK;
W Boxford, Kratos Analytical Ltd, UK, C Blomfield, Kratos Analytical Limited,
UK; M Firlak, J Hardy, Lancaster University, UK

Electromagnetic fields affect a variety of tissues (e.g. bone, muscle, nerve
and skin) and play important roles in a multitude of biological processes.
This has inspired the development of electrically conducting devices for
biomedical applications, including: biosensors, drug delivery devices,
cardiac/neural electrodes, and tissue scaffolds. It is noteworthy that there
are a number of clinically approved devices capable of electrical
stimulation of the body, all of which are designed for long term
implantation. The first examples were developed in Sweden and include
bionic eyes, ears and electrodes for deep brain stimulation (DBS). Recently
there has been considerable industrial interest in the development and
commercialisation of bioelectronic medicines. Bioelectronics is an
emerging area of technology that promises broad impact in healthcare.

The detailed analysis of biomaterials and biomedical devices offers valuable
insight into the underlying function of the products. The materials are
composites of electroactive polymers (e.g. polypyrrole) and biopolymers
(e.g. polysaccharides and proteins) that can be used for various
applications (e.g. drug delivery, tissue scaffolds).

Here we demonstrate the application of surface spectroscopies, including
XPS and UPS, to characterise bioelectronic materials in various
morphologies (e.g. films and foams). We utilise a range of approaches to
fully characterise the materials, including investigating any variations in
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composition either laterally or with depth. We also explore the usefulness
of surface cleaning using Argon clusters.

References:
J. Rivnay, et al. Review on bioelectronics: Chem. Mater. 2014, 26, 679-685

G. G. Wallace, et al. Review on bioelectronics: Nanoscale. 2012, 4, 4327-
4347

J. G. Hardy, et al. Article on bioelectronic drug delivery devices: J. Mater.
Chem. B, 2014, 2(39), 6809-6822.

J. G. Hardy, et al. Article on instructive bioelectronic tissue scaffolds:
Macromol. Biosci., 2015, 15, 1490-1496.

4:00pm AS+BI-MoA-8 High-resolution SIMS Imaging of Subcellular
Structures, Mary Kraft, A Yeager, University of lllinois at Urbana-
Champaign; P Weber, Lawrence Livermore National Laboratory INVITED
In mammalian cells, lipids and cholesterol form the selectively permeable
plasma membrane that separates the cell from its surroundings, and the
intracellular membranes that delineate the boundaries of organelles and
transport vesicles. The distributions of cholesterol and each lipid species
between these organelles is correlated with health and disease. The
accumulation of cholesterol and certain lipid species within lysosomes and
endosomes causes defects in intracellular trafficking that can be fatal if left
untreated. The ability to image the relative abundances of cholesterol and
distinct lipid species within intracellular compartments could lead to a
better understanding of the biological mechanisms that regulate
subcellular lipid distribution. For this purpose, we have combined
metabolic stable isotope incorporation with secondary ion mass
spectrometry (SIMS), which is performed on a Cameca NanoSIMS 50, to
image the intracellular distributions of cholesterol and sphingolipids. By
using depth profiling SIMS to image the distributions of 80-cholesterol and
5N-sphingolipids within a portion of a Madin-Darby Canine Kidney (MDCK)
cell, we determined that these two components are enriched within
separate intracellular compartments. The sizes and relative positions of the
>N- and 0- enriched intracellular features that are visible in the 3-D
representations of the SIMS images suggest that the *N-sphingolipids are
located within transport vesicles, whereas the 80-cholesterol seem to be
concentrated within lipid droplets.

4:40pm AS+BI-MoA-10 EnviroESCA — Routine Surface Chemical Analysis
under Environmental Conditions For Biological Samples, Andreas Thissen,
P Dietrich, SPECS Surface Nano Analysis GmbH, Germany,; S Bahr, Enviro
Analytical Instruments GmbH, Germany;, M Kjaervi, W Unger,
Bundesanstalt fiir Materialforschung und -prifung (BAM), Germany

Since many decades XPS (or ESCA) is the well-accepted standard method
for

non-destructive chemical analysis of solid surfaces. To fulfill this task
existing ESCA tools

combine reliable quantitative chemical analysis with comfortable sample
handling concepts,

integrated into fully automated compact designs.

Over the last years it has been possible to develop XPS systems, that can
work far beyond

the standard conditions of high or ultrahigh vacuum. Near Ambient
Pressure (NAP) XPS has

become a fastly growing field in research inspiring many scientist to
transfer the method to

completely new fields of application. Thus, by crossing the pressure gap,
new insights in

complicated materials systems have become possible using either
synchrotron radiation or

laboratory X-ray monochromators as excitation sources under NAP
condtions.

Based on this experience SPECS Surface Nano Analysis GmbH has
developed a

revolutionary tool to realize the long existing dream in many analytical
laboratories:

reproducible chemical surface analysis under any environmental condition.
EnviroESCA

allows for different applications, like extremely fast solid surface analysis of
degassing (but
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also non-degassing) samples, ESCA analysis of liquids or liquid-solid
interfaces, chemical

analysis of biological samples, materials and device analysis under working
conditions.

After introduction of the technological realization a comprehensive survey
of results will be

given starting from standard solid conductive samples under different
pressure conditions,

bulk insulators with environmental charge compensation applied, high
throughput analysis

of batches of similar objects, geological samples, chemical analysis of
pharmaceuticals to

the comparative analysis of ultrapure liquid water with different aqueous
solutions.

The application of Near Ambient Pressure XPS to biological specimen from
plants and

animals, biofilms and bacteria, as well as food samples is a completely new
field for

electron spectroscopic studies of the surface chemical composition.

An outlook is presented on the application to electrochemical and other in-
operando devices.

Finally the influence of the ambient conditions on quantification in XPS will
be

demonstrated and discussed.

This project has received funding from the EMPIR programme co-financed
by the Participating

States and from the European Union’s Horizon 2020 research and
innovation programme.

Spectroscopic Ellipsometry Focus Topic
Room 9 - Session EL+AS+EM-MoA

Spectroscopic  Ellipsometry:

Theoretical Approaches
Moderator: Maria Losurdo, University Bari

Novel Applications and

1:40pm EL+AS+EM-MoA-1 Temperature Dependent Mueller Matrix
Measurements of Magnetised Ni near the Curie Temperature, Farzin
Abadizaman, S Zollner, New Mexico State University

The temperature dependence of the optical constants of the magnetized
bulk Ni demonstrates an anomaly near the Curie temperature. We
investigate this anomaly by taking a measurement of the temperature
dependent Mueller Matrix (MM). Using spectroscopic ellipsometry at an
energy 1.96 eV, the MM measurement was taken from 350 K to 500 K with
10 K steps, and from 500 K to 670 K with 1 K steps, and from 670 K to 730 K
with 10 K steps.

In order to distinguish the anisotropic properties of the magnetized Ni from
the windows effects, three samples (Ge, Ni, and SiO-; on Si) were measured
inside the cryostat in the energy range from 1 eV to 5 eV with 0.1 eV steps.
The results show that the anisotropic elements of the MM behave in the
same fashion for all samples, except for element Maas,which depends on
the sample.

The MM data of magnetized Ni indicate very small changes in the
anisotropic portion of the MM compared to the windows effect. The
authors believe that these changes are due to the magneto-optical Kerr
effect. However, since a rotating-analyzer ellipsometer was used, the last
row of the MM is absent and a complete MM measurement needs to be
performed to find the magneto-optical Kerr effect in the other anisotropic
elements too.

However, very large decreases in the isotropic MM elements were found
near the Curie temperature. This means, the changes in optical constants
near T--c-- are due to the on-diagonal Drude part of the dielectric tensor,
which can be explained by s- to d-band electron-phonon scattering above
and below T.. These changes are absent when decreasing the temperature
and for unmagnetized Ni.
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2:00pm EL+AS+EM-MoA-2 Ellipsometry Based Observation of Material
Ordering Process in Holography, Hao Jiang, H Peng, Y Liao, S Liu, Huazhong
University of Science and Technology, China

Ordered materials with superior performance have been constantly
pursued. Nevertheless, the direct, precise and non-destructive observation
of the ordering process, which is especially critical for continuous
manufacturing, remains a formidable challenge. Herein, we introduce
Mueller matrix ellipsometry (MME) as a nondestructive method to
quantitatively observe the material ordering process during holography.
This non-destructive observation directly offers the exact width, refractive
index, nanoparticle weight fraction and volume fraction in each
constructive (bright) or destructive (dark) interference area, which is
impossible to be implemented using other existing techniques. Meanwhile,
the width of dark region is observed to decrease while the width of bright
region increases with an augmentation of the holographic recording time,
distinct from previous assumption. More importantly, an apparent
diffusion coefficient of 1.3x10*> m? s is determined on the basis of
recording time-dependent grating structure observation, which is 3 orders
of magnitude lower than the Stokes-Einstein prediction. The distinct
diffusion coefficient is regarded to be the result of competition between
the forth diffusion driven by the chemical reaction and backward diffusion
arising from nanoparticle concentration gradient. This novel protocol is
envisioned to pave the way for precisely and non-destructively
understanding the ordered structure formation in electrics, photonics,
photovoltaics, biomaterials and other disciplines.

2:20pm EL+AS+EM-MoA-3 Coherence in Polarimetry and Ellipsometry:
Synthesizing Mueller Matrices in an Ellipsometer, Oriol Arteaga,
Departament de Fisica Aplicada, Universitat de Barcelona, Spain  INVITED
Interference phenomena are ubiquitous in optics and are the basis of the
industry behind thin film optical coatings or thin film thickness
measurements with ellipsometry. The interference of polarized beams was
experimentally understood in 1819 when Arago and Fresnel derived the
four laws governing the interference of polarized light. While spectroscopic
ellipsometry provides information based on the position and number of
interference oscillations in thin films, typically one has no macroscopic
control of the beams that coherently superpose.

In this work we present a polarimetric analysis of an analogue of Young's
double slit experiment that allows merging beams in a well-controlled
manner. The experiment is analyzed with a new formalism that is useful to
describe optical coherence and polarization and that shows that the
superposition of two macroscopically distinguishable beams can be an
effective method to experimentally synthesize Mueller matrices with on-
demand polarization properties. This offers the opportunity of working
with "synthesized" optical elements that behave just like "real" ones. We
will discuss how this method can have a practical application in the
construction of ellipsometers or polarimeters.

3:00pm EL+AS+EM-MoA-5 Femtosecond Spectroscopic Ellipsometry on
Optoelectronic Materials and Photonic Structures, Mateusz Rebarz, S
Espinoza, ELI Beamlines - Czech Academy of Science, Czech Republic; S
Richter, O Herrfurth, R Schmidt-Grund, Universitat Leipzig, Germany; J
Andreasson, Chalmers University of Technology, Sweden; S Zollner, New
Mexico State University

The ongoing progress in miniaturization and operational rates of electronic
and optoelectronic devices obliges materials scientists to deeply
understand the dynamics of the carriers upon external electromagnetic
stimulus in very short time scale. Some phenomena such as scattering of
electrons and phonons as well as recombination processes can be as short
as tens of femtoseconds. All these processes affect the temporal and local
dielectric constants and determine many operational parameters of the
devices. In this work, we report on recent progress in developing a
spectroscopic ellipsometer for characterization of ultrafast dynamic
changes of dielectric properties in materials and photonic structures
technologically relevant in optoelectronics. Our time-resolved ellipsometer
is based on pump-probe technique and offers monitoring the time
evolution of the dielectric properties in range 0-5 ns with time resolution
~100 fs in broadband spectral range (340-750 nm).

We present here the results of the measurements performed on Ge
samples in comparison with theoretical predictions. Ultrafast phenomena
such as excitation, relaxation and diffusion of charge carriers, band-gap
renormalization and excitons screening will be discussed. In addition we
report on the first data obtained from a ZnO-based planar microcavity
especially on the temporal evolution of the microcavity modes. The time
evolution of the ellipsometric parameters in the spectral range around the
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exciton-polariton mode will be discussed. We observed that such modes
disappear upon the excitation, possibly due to screening of the excitons
and re-appear after a few hundreds of femtoseconds as blueshifted modes.
The investigation of the short-time dynamics of such modes can stimulate
new theoretical approaches for the description of exciton-polariton
systems.

3:20pm EL+AS+EM-MoA-6 Temperature Dependence of the Dielectric
Function and Interband Critical Points of Bulk Germanium, Carola
Emminger, N Samarasingha, F Abadizaman, N Fernando, S Zollner, New
Mexico State University

Exploration of the optical properties of bulk germanium (Ge) is necessary
for the advancement of Ge technology. In fact, many of the Ge applications
depend on the dielectric function (g), which is directly related to the
electronic band structure. Here we investigate the effect of temperature on
the optical properties and interband critical points (CPs), primarily the Eo
and Eo+Ao critical points of bulk Ge in the temperature range from 10 to
738 K using spectroscopic ellipsometry at 70° angle of incidence. The data
was taken in two parts, in the near IR region and in the UV region, which
provides data from 0.5 to 6.2 eV. The low temperature environment was
created in a UHV cryostat with liquid helium and nitrogen as cryogens. To
reduce the thickness of the native GeO: layer, the Ge sample was cleaned
using ultra-pure water, isopropanol, an ultrasonic bath and ozone cleaning.
It was possible to reduce the oxide thickness to about 11 A at room
temperature.

The authors used a two-phase model (GeO, layer/Ge substrate) and a
parametric oscillator model with a set of adjustable parameters to extract
the real and imaginary parts of the complex dielectric function of the bulk
Ge for the whole temperature range. To investigate this temperature
dependence of the CP parameters (threshold energy, broadening and
phase angle) further, we also compared the second derivative d%e/d%w of
the dielectric function with analytical line shapes.

The temperature has a significant influence on both the real and imaginary
parts of the complex dielectric function of bulk Ge. This temperature
dependent € can be explained by a Bose-Einstein occupation factor. Due to
the electron-phonon interaction, we find a temperature dependent red
shift (shift to lower energies) of the Eo and Eo+Ao critical point energies. The
temperature independent spin orbit splitting Ao is found to be 286 meV. A
similar effect has been seen in the Ej, E1+As, Eo, and E2CP energies. These
CPs are broadened and shifted to the lower energies with increasing
temperature.

4:00pm EL+AS+EM-MoA-8 VUV Magneto-Optical Transient Ellipsometer,
Shirly Espinoza, J Andreasson, Institute of Physics ASCR, Czech Republic
This talk is about the ELIps instrument, an instrument that combines three
advanced techniques of ellipsometry: VUV ellipsometry, Transient (Pump-
probe) ellipsometry, and Magneto-optical ellipsometry [1].

The ELIps instrument allows users to work in a very wide range of energies
from 1 eV to 40 eV. For measurements in the 1 eV to 6.5 eV range, it uses a
transmission polarizer and analyzer combination. Meanwhile, for
measurements in the 6.5-40 eV range, it uses a triple-reflection polarizer
and analyzer combination. All the components are contained within a
single UHV chamber designed with several additional ports to support
future upgrades. For time resolved measurements in the VUV range the
instrument will be used together with a high intensity High Harmonics
Generation (HHG) source.

Time-resolved transient measurements of the optical properties of
materials can be performed in the range of a few femtoseconds to
nanoseconds. Initial experiments with transient absorption and transient
ellipsometry in the NIR-UV range is being performed on proton-conducting
materials for solid oxide fuel cell applications.

Additionally, ELIps is equipped with a Helmholtz coil, which allows the
studies of the transverse magneto-optical Kerr effect on the sample, and
with a cryostat for measurements at different temperatures.

Where is this instrument located? ELIps is in Prague, Czech Republic, at the
European Extreme Light Infrastructure Beamlines (ELI Beamlines), a user
facility project that will hold some of the most intense lasers in the world. It
will open to the public on January 2018.

References

[1] S. Espinoza, G. Neuber, C. D. Brooks, B. Besner, M. Hashemi, M.
Ribhausen and J. Andreasson. 2017. User oriented end-station on VUV
pump-probe magneto-optical ellipsometry at ELI beamlines. Applied
Surface Science. Published online. doi:10.1016/j.apsusc.2017.02.005
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4:20pm EL+AS+EM-MoOA-9 Infrared Ellipsometric Spectroscopy of Hgi.
xCdxTe Bulk Samples, Yanging Gao, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, China

The infrared spectroscopic ellipsometry of Hg1.«Cd\Te (x=0.195~0.37) bulk
samples with different compositions were meaured. The refractive index
n and extinction coefficient k were obtained. An obvious refractive index
enhancement effect was observed in the refractive index spectra for each
composition. The energy position of the maximal refractive index value
equals approximately that of the band gap. With the decrease of the
component, the refractive index increased and the peak position shifted
to the low energy direction, which consistented with the absorption
edge. The refractive index n at Eg changed linearly with the composition
X.

4:40pm EL+AS+EM-MoA-10 Infrared Ellipsometry Study of the Photo-
generated Charge Carriers at the (001) and (110) Surfaces of SrTiOs
Crystals and the Interface of Corresponding LaAlOs/SrTiOs
Heterostructures, Meghdad Yazdi-Rizi, P Marsik, B Mallett, University of
Fribourg, Switzerland, K Sen, A Cerreta, University of Fribourg; A Dubroka,
Masaryk University, M Scigaj, F Sdnchez, G Herranz, Institut de Ciencia de
Materials de Barcelona; C Bernhard, University of Fribourg, Switzerland
With infrared (IR) ellipsometry and DC resistance measurements we
investigated the photo-doping at the (001) and (110) surfaces of SrTiOs
(STO) single crystals and at the corresponding interfaces of LaAlOs/SrTiOs
(LAO/STO) heterostructures. In the bare STO crystals we find that the
photo-generated charge carriers, which accumulate near the (001) surface,
have a similar depth profile and sheet carrier concentration as the confined
electrons that were previously observed in LAO/STO (001)
heterostructures. A large fraction of these photo-generated charge carriers
persist at low temperature at the STO (001) surface even after the UV light
has been switched off again. These persistent charge carriers seem to
originate from oxygen vacancies that are trapped at the structural domain
boundaries which develop below the so-called antiferrodistortive transition
at T* = 105 K. This is most evident from a corresponding photo-doping
study of the DC transport in STO (110) crystals for which the concentration
of these domain boundaries can be modified by applying a weak uniaxial
stress. The oxygen vacancies and their trapping by defects are also the
source of the electrons that are confined to the interface of LAO/STO (110)
heterostructures which likely do not have a polar discontinuity as in
LAO/STO (001). In the former, the trapping and clustering of the oxygen
vacancies also has a strong influence on the anisotropy of the charge
carrier mobility. We show that this anisotropy can be readily varied and
even inverted by various means, such as a gentle thermal treatment, UV
irradiation, or even a weak uniaxial stress. Our experiments suggest that
extended defects, which develop over long time periods (of weeks to
months), can strongly influence the response of the confined charge
carriers at the LAO/STO (110) interface.

Electronic Materials and Photonics Division
Room 14 - Session EM-MoA

Novel Materials and Devices for Electronics
Moderators: Shalini Gupta, Northrop Grumman ES, Rehan Kapadia,
University of Southern California

1:40pm EM-MoA-1 2D Materials for Advanced Devices: Integration
Challenges and Opportunities, Robert M. Wallace, University of Texas at
Dallas INVITED
The size reduction and economics of integrated circuits, captured since the
1960’s in the form of Moore’s Law, continues to be challenged. Challenges
include addressing aspects associated with truly atomic dimensions, while
the cost of manufacturing is increasing such that only 3 or 4 companies can
afford leading edge capabilities. To address some of the materials physical
limitations, “2D materials” such as graphene, phosphorene, h-BN, and
transition metal dichalcogenides have captured the imagination of the
electronics research community for advanced applications in
nanoelectronics and optoelectronics. Among 2D materials “beyond
graphene,” some exhibit semiconducting behavior, such as transition-metal
dichalcogenides (TMDs), and present useful bandgap properties for
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applications even at the single atomic layer level. Examples include “MX,”,
where M = Mo, W, Sn, Hf, Zrand X =S, Se and Te

Integration of these materials with semiconductor industrial fabrication
processes presents a number of challenges. For example, several synthesis
methods have been employed to study 2D material thin film properties
including mechanical/liquid exfoliation, chemical bath deposition, vapor
phase deposition, and molecular beam epitaxy (MBE). From a
manufacturability and cost perspective, vapor phase (including chemical
and atomic layer) deposition are the subject of intense research activity in
the electronics industry, while MBE methods facilitate the research of large
thin films in advance of precursor development for CVD and ALD.

This presentation will examine the state-of-the-art of these materials in
view of our research on 2D semiconductors, and the challenges and
opportunities they present for electronic and optoelectronic applications.
(1]

This work is supported in part by: (i) the SWAN Center, a SRC center
sponsored by the Nanoelectronics Research Initiative and NIST, (ii) the
Center for Low Energy Systems Technology (LEAST), one of six centers
supported by the STARnet phase of the Focus Center Research Program
(FCRP), a Semiconductor Research Corporation program sponsored by
MARCO and DARPA, (iii) the US/Ireland R&D Partnership (UNITE) under the
NSF award ECCS-1407765, and (iv) the Erik Jonsson Distinguished Chair in
the Erik Jonson School of Engineering and Computer Science at the
University of Texas at Dallas.

1. S. J. McDonnell and R.M.Wallace, "Critical Review: Atomically-Thin
Layered Films for Device Applications based upon 2D TMDC Materials",
Thin Solid Films, 616, 482-501 (2016).

3:00pm EM-MoA-5 Enhancement-mode AlGaN/GaN HEMTs Enabled by
ALD ZrO2 Gate Dielectrics, Charles Eddy, Jr., V Wheeler, U.S. Naval
Research Laboratory; D Shahin, University of Maryland; T Anderson, M
Tadjer, A Koehler, K Hobart, U.S. Naval Research Laboratory; A Christou,
University of Maryland; F Kub, U.S. Naval Research Laboratory

If power switches based on gallium nitride (GaN) transistors are to achieve
widespread adoption, then reliable enhancement-mode (normally-off)
operation must be demonstrated. The most advanced GaN transistor, the
high electron mobility transistor (HEMT), is naturally a depletion-mode
(normally-on) device and is finding rapid adoption in RF applications
requiring high power and efficiency. To extend these performance benefits
to power switches requires fully depleting the two-dimensional electron
gas below the gate in absence of a gate bias. This is often achieved by
recess etching the AlGaN barrier under the gate. However, to ensure low
gate leakage in such a device further requires a reliable gate dielectric on
this recessed surface. Here we report on the development and application
of ALD deposited ZrO, gate dielectrics on recessed etched GaN surfaces.
First, a thorough investigation of recessed surface pretreatments is
conducted. Then, ALD is used to deposit ZrO. dielectrics on these surfaces
using two precursors —  zirconium  (IV) tertbutoxide and
tetrakis(dimethylamino)zirconium. Through careful variations in ALD
growth conditions and precursor selection, we demonstrate the ability to
achieve a record positive shift in the threshold voltage for a HEMT of up to
+3.99V [1] and low gate leakage currents (5 orders of magnitude lower
than reference HEMTs) under on-state conditions (Vgs= +10V and Vds=
+20V). These promising early results have been followed by studies of traps
in these device structures using a previously established method [2].
Details of recessed surface preparation and trap behavior will be
presented.

[1] T.J. Anderson et al., Appl. Phys. Express 9, 071003 (2016).
[2]J.Joh and J. A. del Alamo, IEEE Trans. Electron. Dev. 58, 132 (2011).

3:20pm EM-MoA-6 Interface Engineering with Al.Os-HfO, Nanolaminate
Gate oxides on Silicon Germanium, Mahmut Kavrik, University of
California at San Diego, K Tang, Stanford University; E Thomson, J Cheng, A
Kummel, University of California at San Diego

Silicon Germanium (SiGe) alloys are promising alternative for silicon in
semiconductor industry due to their tunable bandgap and carrier mobility
through variation in composition. However, replacement of Si with SiGe
requires a new class of high-k dielectric gate oxides with low leakage
current for CMOS processing. Germanium content in semiconductor
induces new interface defects due to its bonding with oxygen; GeOx is
soluble in water and also can out diffuse into the gate oxide. Al,O3 and HfO,
oxides were incorporated into nanolaminate stacks on the SiGe by Atomic
Layer Deposition (ALD). Al:Os was deposited with organic precursor
trimethylaluminum (TMA) and H.O on SiGe at 250C after HF and sulfur
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surface treatments. Sulfur treatment forms Ge-S and Ge-S-Ge bonds and
prevents GeOx formation. Subsequently, HfO2 oxide layers were grown
with organic precursor Tetrakis(dimethylamido) hafnium(TDMAH) and H.O
at 250C. Al;03-HfO2 nanolaminates were terminated with one layer of Al,O3
to protect oxide from gate metal damage. MOSCAP studies showed low Dit
with hig Cox with Nanolaminate structure.

4:00pm EM-MoA-8 Encapsulation of AlGaN/GaN High Electron Mobility
Transistor based Hydrogen Sensor for Humid Ambient Sensing
Application, S Jung, H Kim, Dankook University,; K Baik, Hongik University,; F
Ren, S Pearton, University of Florida; Soohwan Jang, Dankook University
Hydrogen is environmentally friendly alternative energy source and carrier
for automotive and fuel cell applications as well as in many industrial
processes. Hydrogen gas is colorless, odorless, extremely reactive with
oxygen, and has very low ignition energy. Especially, leaking gas from
pressurized container may elevate its temperature, and induce
spontaneous flammable ignition due to its negative Joule-Thomson
coefficient. Therefore, hydrogen gas sensing systems are essential in
various hydrogen related applications. GaN based material system is well-
suited to hydrogen sensing because of its wide bandgap for high
temperature operation, and mechanical and chemical robustness for
device reliability. Many types of devices based on the GaN, including
Schottky diodes, metal oxide semiconductor diodes, GaN nanowires and
AlGaN/GaN high electron mobility transistors have been developed for fast
and sensitive detection of hydrogen. Among them, AlGaN/GaN HEMTs with
a 2 dimensional electron gas (2DEG) channel induced by piezoelectric and
spontaneous polarization between the AlGaN and GaN layers showed high
sensitivity to change in surface charge created by catalytic reaction of Pt or
Pd with hydrogen. With 30 % Al concentration in AlGaN layer, 5~10 times
higher electron densities in 2DEG are obtained compared to typical GaAs or
InP HEMTs, which induces higher current and better sensitivity of the
device. However, one of issues with semiconductor based hydrogen
sensors is the fact that their sensitivity is significantly degraded in the
presence of humidity or water. Water molecules block the catalytically
active sites of sensing material, and results in the significant reduction in
hydrogen detection signal. By employing encapsulation layer which
prevents water molecules from adsorbing on the active sites of the sensor
while selectively allowing penetration of hydrogen molecules, this issue can
be solved. In this paper, we demonstrate that the device encapsulated with
a moisture barrier does not suffer from any significant change in hydrogen
detection sensitivity in the presence of moisture and that the devices can
be repeatedly cycled to temperatures up to 300°C without any change in
characteristics. Also, the device did not respond to the other gases
including CH4, CO, NO2, CO,, and O..

4:20pm EM-MoA-9 Work Function Measurements of Metal Gate - TiAIC
by Ultraviolet Photoelectron Spectroscopy, Yibin Zhang, H Wang, D Shao,
Y Liang, GlobalFoundries Inc

In order to obtain high performance and low power in integrated circuits
(IC), feature sizes continue to shrink and new materials are being
developed. One major challenge is finding a metal gate electrode with the
appropriate work function when paired with a gate oxide. Titanium-
Aluminum-Carbide (TiAIC) films deposited by Atomic Layer Deposition
(ALD) were introduced in the semiconductor industry in the 22nm and
beyond FINFET technology node. TiAIC can provide the necessary work
function and ALD offers better thickness control, uniformity and conformity
compared to Plasma Vapor Deposition (PVD). Electrical measurements are
typically used to measure a film’s work function. However, in an IC
manufacturing environment this type of measurements can be performed
only after several processing steps following the TiAIC deposition. It is often
difficult and not cost effective to “rework” the affected wafers resulting in
the loss of both product and time. Thus, it is important to monitor the work
function during manufacturing. X-ray Photoelectron Spectroscopy (XPS) is
used for in-line monitoring of the film composition and thickness, but it
cannot directly measure the work function of TiAIC. In this work we
demonstrate that Ultraviolet Photoelectron Spectroscopy (UPS) can
provide work function measurements directly after the film deposition, to
more effectively control the TiAIC ALD process parameters and resulting
film properties. In addition, X-ray reflectivity (XRR) and X-ray diffraction
(XRD) were used to investigate TiIAIC film’s density and crystallinity.

1:40 PM
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4:40pm EM-MoA-10 Nitride Based Avalanche Photodiode Detector
Structures for Nuclear Detection Applications, Vincent Woods, L Hubbard,
L Campbell, Pacific Northwest National Laboratory, N Dietz, Georgia State
University, Z Sitar, North Carolina State University INVITED
Group IlI-N avalanche photodiodes (APD) offer tailorable UV sensitivity and
selectivity not currently available for scintillated light detectors. Materials
growth challenges continue to hamper the development and
implementation of UV IlI-N detectors. This presentation details the efforts
at Pacific Northwest National Laboratory in collaboration with North
Carolina State University and Georgia State University to develop device
structures and fabrication processes Group IlI-N APDs. The focus of these
efforts is to produce nitride photomultiplier (NPM) devices similar to a
silicon photomultiplier (SiPM). Compared to traditional photomultiplier
tubes (PMTs), the NPMs can be smaller, more rugged, consume less power
than PMTs, and have lower dark currents than SiPMs for UV light detection.

The large bandgap of IlI-N systems allows for UV photo-detection that is
solar blind resistant to ambient stray light. Unlike silicon, the bandgap and
associated dark current in the IlI-N system can be tuned by changing the
composition of the AlkGaixN materials system. A direct advantage of the IlI-
N APDs over SiPMs and PMTs is the matching of the device (by matching
the band gap) to a scintillator.

Conventional radiation detection relies on the use of dyes to wavelength
shift the scintillated light to match the PMT or SiPM. Tailoring the APD to
the scintillator allows for increased resolution of scintillated light without
broadening/attenuation from dye interactions. A tailorable APD also allows
for exploration of scintillating materials which cannot be dye matched to a
SiPM or PMT. The tailorable llI-N system opens up new avenues in
radiation detection. Research into the selection of appropriate scintillator
materials and compositional requirements of the Nitride-based APD
structures will be presented. In addition to the materials characterization,
optoelectronic modeling aimed towards efficient APD operation will be
shown.

The progress in the growth of nitride heterostructures in both Al-rich and
Ga-rich Al-GaN materials systems will be presented along with detailed
materials characterization. This project is developing the materials
capability to tailor 1lI-N APDs to match scintillated light. The development
of materials knowledge and capability will enable tailorable Il1I-N APDs for
direct matching to UV scintillated light, a significant improvement over
current technology.

Magnetic Interfaces and Nanostructures Division
Room 11 - Session MI+BI+EM+SA-MoA

Role of Chirality in Spin Transport and Magnetism
Moderators: Greg Szulczewski, The University of Alabama, Hendrik Ohldag,
SLAC National Accelerator Laboratory

1:40pm MI+BI+EM+SA-MoA-1 Spin Transport and Polarization in Chiral
Molecules: Theory and Possible Applications, Karen Michaeli, Weizmann
Institute of Science, Israel INVITED
The functionality of many biological systems depends on reliable electron
transfer. Unlike artificial electric circuits, electron transport in nature is
realized via insulating chiral (i.e., parity-symmetry breaking) molecules.
Recent experiments have revealed that transport through such molecules
strongly depends on the electron's spin relative to the propagation
direction. In the talk | will introduce the mechanism behind this
phenomenon, which has been dubbed chiral induced spin selectivity (CISS).
The discovery of the CISS effect has raised important questions about the
role of spin in biological processes more generally, and suggests the
possibility of a new class of organic-based nanoscale devices. | will discuss
some of the key developments regarding spin selectivity; | will present new
questions that arise from these results and offer ideas for their resolution.

2:20pm MI+BI+EM+SA-MoA-3 Enantio-sensitive Charge Transfer in
Adsorbed Chiral Molecules Probed with X Ray Circular Dichroism, F Luque,
Universidad Autonoma de Madrid, Spain; | Kowalik, Polish Academy of
Sciences, Poland; M Nifio, IMDEA-Nanoscience, Spain; D Arvanitis, Uppsala
University, Sweden; Juan José de Miguel, Universidad Auténoma de
Madrid, Spain

Recent studies have shown how layers of purely organic, chiral molecules
can induce the appearance of strong spin polarization in initially
unpolarized electron currents. [1] Furthermore, spin-polarized
photoemission experiments comparing adsorbed films of opposite
enantiomers of the same chiral molecule have revealed that they can
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display different behavior, producing spin polarization along different
directions in space instead of simply changing its sign. [2]

In this study enantio-pure ultrathin films of chiral 1,2-diphenyl-1,2-
ethanediol (DPED) have been deposited on Cu(100) at 100 K and studied at
the MAX-lab synchrotron in Lund, Sweden, using circularly polarized x ray
absorption (XAS) at the carbon K edge. XAS excites element-specific core
electrons to empty levels in the ground state thus probing the molecule's
electronic configuration. The different features present in the absorption
spectra have been identified and assigned to specific electronic transitions.
The comparison of absorption spectra taken with photons of opposite
helicity shows a surprisingly strong dichroism localized at transitions into
empty molecular orbitals with m character. Theoretical modeling of the
spectra reveals that this response is associated to the charge transferred
between the Cu substrate and the adsorbed molecules. This charge is
found to be polarized in orbital momentum, and the direction of the
polarization is different for the two enantiomers studied: (R,R)-DPED and
(S,S)-DPED. These findings indicate that chiral organic layers can play an
important role in the emerging field of molecular orbitronics.

[1] B. Gohler V. Hamelbeck, T. Z. Markus, M. Kettner, G. F. Hanne, Z. Vager,
R. Naaman, and H. Zacharias, Science 331, 894 (2011).

[2] M. A. Nifio, I. A. Kowalik, F. J. Luque, D. Arvanitis, R. Miranda, and J. J. de
Miguel, Adv. Mater. 26, 7474 (2014).

2:40pm MI+BI+EM+SA-MoA-4 Evolving of Soliton Phase in Exfoliated 2D
Cr13NbS2 Nanolayers, S Tang, Oak Ridge National Laboratory and Central
South University, China, PR China; J Yi, R Fishman, S Okamoto, Q Zou, Oak
Ridge National Laboratory; D Mandrus, University of Tennessee; Zheng Gai,
Oak Ridge National Laboratory

Cr1/3NbS2 is an emergent quasi-2D material that has recently been
attracting wide attentions. Cr1/3NbS2 has both chiral helimagnetic
behavior and broken inversion symmetry of Cr atoms, the two necessary
conditions for creating Dzyaloshinskii—-Moriya interaction in skyrmion. Bulk
studies show that a nonlinear periodic magnetic state called a soliton
lattice exists in the material. By applying microexfoliation techniques, we
successfully prepared thin layers of Cr1/3NbS2 with various thickness from
single crystal. When the thickness of Cr1/3NbS2 layer falls into the range
around the pitch of its helimagnetic state, kinks of field dependent
magnetization start to evolve. The new phase is studied experimentally and
theoretically. This research was conducted at the Center for Nanophase
Materials Sciences, which is a DOE Office of Science User Facility.

3:00pm MI+BI+EM+SA-MoA-5 Tailoring the Chirality of Domain Walls via
Interface Modification, Arantzazu Mascaraque, S Ruiz-Gomez, M Gonzalez
Barrio, L Perez, Universidad Complutense de Madrid, Spain; G Chen, A
Schmid, Lawrence Berkeley National Laboratory;, E Michel, Universidad
Autonoma de Madrid, Spain

The possibility of manipulating magnetic domain walls (DWs) without the
intervention of magnetic fields has interest for a wide variety of
applications, such as spintronic devices [1]. Applying an electric current to a
ferromagnet creates a force that drives the DWs in the direction of the
electron motion, the so-called Spin Transfer Torque. However, this effect is
weak and high current densities are needed. Recently, it has been
discovered that spin accumulation at the edges of a current-carrying non-
magnetic material due to the Spin Hall Effect (SHE), can exert a torque on
the magnetization of a neighboring magnetic layer [2]. The torque induced
by SHE depends on the chirality of the DW and, as most ferromagnetic
materials lack a well-defined chirality, the device applications are limited.
However, the presence of surfaces and interfaces removes the point-
inversion symmetry, giving rise to an additional interaction, the
Dzyaloshinskii—-Moriya interaction (DMI) that lifts the left-right degeneracy
through spin-orbit coupling [3].

In this work, we have modified the interface between the substrate and a
non-chiral magnetic layer, in order to investigate in which way DW chirality
can be induced and stabilized in the magnetic layer. The experiments were
done using the SPLEEM instrument of the Lawrence Berkeley National
Laboratory. This microscope can map independently and in real space the
three magnetic components of the spin structures. The magnetic system
was a (Ni/Co)n multilayer epitaxially grown on Cu(111). It is well known
that magnetic films grown on Cu(111) do not exhibit homo-chiral DWs [4].
We have found that this behavior can be changed by modifying the
interface. After introducing a thin metal layer (suitable to induce a high
DMI) between the substrate and the magnetic layer, we have found
relevant changes in the chirality of the DWs of the magnetic layer. Our
results demonstrate that the buffer layer influences the spin texture, which
evolves from non-chiral Bloch to homo-chiral Néel DWs.

1:40 PM
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[1] S. S. P. Parkin et al, Science 320, pp190 (2008); D. A. Allwood et al ,
Science 309, pp1688 (2005)

[2] I. M. Miron Nat. Mat 9 pp230 (2010)

[3] I. E. Dzyaloshinskii , J. Exp. Theor. Phys. 5, pp1259 (2007),; T. Moriya ,
Phys. Rev. 120, pp91 (1960).

[4] G. Chen, et al., Ap. Phys. Lett. 106, 062402 (2015)

3:20pm MI+BI+EM+SA-MoA-6 Spin Transport in an Electron Conducting
Polymer, Greg Szulczewski, T Sutch, M Lockart, H Chen, P Rupar, M
Bowman, The University of Alabama

We report results from an electron spin resonance (ESR) study to probe the
spin-dynamics in the conducting polymer poly {[ N, N9 -bis(2-octyldodecyl)-
naphthalene-1,4,5,8-bis(dicarboximide)-2,6-diyl]-alt-5,5 9 -(2,2 9 -
bithiophene)} or P(NDI20D-T2). Chemical reduction of the polymer was
achieved by using cobaltacene, which introduces unpaired electrons into
the polymer. Continuous wave ESR measurements were done on frozen
solutions and thin films over the temperature range of 77 to 300 K. Narrow
ESR peaks with broad tails were observed, suggesting strong one-
dimensional anisotropic conduction. Electron nuclear double resonance
spectroscopy was used to analyze the hyperfine coupling of the frozen
solutions. The results indicate a proton hyperfine coupling of 1.5 MHz,
which suggests the spins are delocalized over several monomer units.
Electron spin echo envelope modulation spectroscopy was measured from
6 to 90 K to investigate the spatial distribution of nuclear spins in the
environment of the unpaired electrons spins. The measurements show that
spin relaxation increases rapidly when the temperature in increases from 6
to 90 K. A kinetic model that accounts for the spin-dynamics will be
presented.

4:00pm MI+BI+EM+SA-MoA-8 Utilizing the Chiral induced Spin Selectivity
Effect to Achieve Simple Spintronics Devices, Yossi Paltiel, The Hebrew
University of Jerusalem, Israel INVITED
With the increasing demand for miniaturization, nano-structures are likely
to become the primary components of future integrated circuits. Different
approaches are being pursued towards achieving efficient electronics,
among which are spin electronics devices (spintronics) [1]. In principle, the
application of spintronics should result in reducing the power consumption
of electronic devices.

A new, promising, effective approach for spintronics has emerged using
spin selectivity in electron transport through chiral molecules, termed
Chiral-Induced Spin Selectivity (CISS) [2]. Recently, by utilizing this effect we
demonstrated a magnet-less magnetic memory [3,4]. Also we achieve local
spin-based magnetization generated optically at ambient temperatures
[5,6]. The locality is realized by selective adsorption of the organic
molecules and the nano particles [7]. Lastly we have been able to show
chiral proximity induced magnetization on the surface of ferromagnetic
and superconducting materials. The magnetization is generated without
driving current or optically exciting the system [8,9].

In the talk | will give a short introduction about spintronics and the CISS
effect. Then | will present ways achieve simple spintronics devices utilizing
the effect.

[1] S. A. Wolf, D. D. Awschalom, R. A. Buhrman, J. M. Daughton, S. von
Molnar, M. L. Roukes, A. Y. Chtchelkanova, D. M. Treger; Science 294 1488
(2001).

[2] B. Gohler,V. Hamelbeck, T.Z. Markus, M. Kettner, G.F. Hanne, Z. Vager,
R. Naaman, H. Zacharias; Science 331, 894-897 (2011).

[3] O. Ben Dor, S. Yochelis, S. P. Mathew, R. Naaman, and Y. Paltiel Nature
Communications 4, 2256 (2013).

[4] G. Koplovitz, D. Primc, O. Ben Dor, S. Yochelis, D. Rotem, D. Porath, and
Y. Paltiel; Advanced Materials (2017).

[5] O. Ben Dor, N. Morali, S. Yochelis, and Y. Paltiel; Nano letters 14 6042
(2014).

[6] M. Eckshtain-Levi, E. Capua, S. Refaely-Abramson, S. Sarkar, Y. Gavrilov,
S. P. Mathew, Y. Paltiel, Y.V Levy, L. Kronik, R. Naaman; Nature
Communications. 7, 10744 (2016).

7] O. Koslovsky, S. Yochelis, N. Livneh, M. Harats, R. Rapaport, and Y. Paltiel,
Journal of Nanomaterials 938495 2012 (2012).

[8] H. Alpern, E. Katzir, S. Yochelis, Y. Paltiel, and O. Millo; New J. Phys. 18
113048 (2016).
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[9] O. Ben Dor, S. Yochelis, A. Radko, K. Vankayala, E. Capua, A. Capua, S.-H.
Yang, L. T. Baczewski, S. S. P. Parkin, R. Naaman, and Y. Paltiel; Nature
Communications, 8 14567 (2017).

4:40pm MI+BI+EM+SA-MoA-10 Magnetic Nano Platelets based Spin
Memory Device Operating at Ambient Temperatures, Guy Koplovitz, The
Hebrew University of Jerusalem; Y Paltiel, The Hebrew University of
Jerusalem, Israel

There is an increasing demand for realizing a simple Si based universal
memory device working at ambient temperatures. In principle non-volatile
magnetic memory could operate at low power consumption and high
frequencies. However, in order to compete with existing memory
technology, size reduction and simplification of the used material systems
are essential. In our work we use the Chiral Induced Spin Selectivity (CISS)
effect along with 30-50nm Ferro-Magnetic Nano Platelets (FMNPs) in order
to realize a simple magnetic memory device. The vertical memory is Si
compatible, easy to fabricate and in principle can be scaled down to a
single nano particle size. Results show clear dual magnetization behavior
with threefold enhancement between the one and zero states. The
magnetization of the device is accompanied with large avalanche like noise
that we ascribe to the redistribution of current densities due to spin
accumulation inducing coupling effects between the different nano
platelets.

5:00pm MI+BI+EM+SA-MoA-11 Magnetization Switching in Ferromagnets
by Adsorbed Chiral Molecules without Current or External Magnetic Field,
Oren Ben Dor*?, The Hebrew University of Jerusalem, Israel

Ferromagnets are commonly magnetized by either external magnetic fields
or spin polarized currents. The manipulation of magnetization by spin-
current occurs through the spin-transfer-torque effect, which is applied, for
example, in modern magnetoresistive random access memory. However,
the current density required for the spin-transfer torque is of the order of
1x10® A-cm?, or about 1x10% electrons-sec-cm2. This relatively high
current density significantly affects the devices' structure and performance.
Here, we present a new effect — that of magnetization switching of
ferromagnetic thin layers that is induced solely by adsorption of chiral
molecules. In this case, about 10*3 electrons per cm? are sufficient to
induce magnetization reversal. The direction of the magnetization depends
on the handedness of the adsorbed chiral molecules. Local magnetization
switching is achieved by adsorbing a chiral self-assembled molecular
monolayer on a gold-coated ferromagnetic layer with perpendicular
magnetic anisotropy. These results present a simple low power
magnetization mechanism when operating at ambient conditions.

MEMS and NEMS Group
Room 24 - Session MN+EM+NS-MoA

Nano Optomechanical

Nanomanufacturing
Moderators: Robert Ilic, National Institute of Standards and Technology
(NIST), Meredith Metzler, University of Pennsylvania

Systems/Multiscale

1:40pm MN+EM+NS-MoA-1 GHz Integrated Acousto-Optics, Mo Li,
University of Minnesota INVITED
Integrating nanoscale electromechanical transducers and nanophotonic
devices potentially can enable new acousto-optic devices to reach
unprecedented high frequencies and modulation efficiency. We
demonstrate acousto-optic modulation of a photonic crystal nanocavity
using acoustic waves with frequency up to 20 GHz, reaching the microwave
K band. Both the acoustic and photonic devices are fabricated in
piezoelectric aluminum nitride thin films. Excitation of acoustic waves is
achieved with interdigital transducers with periods as small as 300 nm.
Confining both acoustic wave and optical wave within the thickness of the
membrane leads to improved acousto-optic modulation efficiency in the
new devices than that obtained in the previous surface acoustic wave
devices. In a photon-phonon waveguide, we further demonstrate strong
Brillouin scattering of light by electromechanically excited acoustic waves.
Our system demonstrates a novel scalable optomechanical platform where
strong acousto-optic coupling between cavity-confined or guided photons
and high frequency traveling phonons can be explored.

! Falicov Student Award Finalist
2 National Student Award Finalist
1:40 PM
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2:20pm MN+EM+NS-MoA-3 Coupling Piezoelectric MEMS to Cavity
Optomechanics, Kartik Srinivasan, NIST INVITED
Establishing a link between the radio frequency (RF) and optical domains is
a topic of relevance to a variety of applications in communications,
metrology, and photonic quantum information science. Acoustic wave
devices represent an opportunity to mediate such transduction in a chip-
integrated format. The approach we are pursuing uses materials that are
both piezoelectric, to couple RF waves to strain fields, and photoelastic, to
couple strain fields to optical waves.

One architecture that we have recently explored is based on exploiting
these effects in GaAs. First, interdigitated transducers (IDTs) convert 2.4
GHz RF photons into 2.4 GHz propagating surface acoustic waves. These
acoustic waves are routed through phononic crystal waveguides and are
coupled to a nanobeam optomechanical cavity that supports both a highly
localized 2.4 GHz breathing mechanical mode and a high quality factor
1550 nm optical mode. In contrast to non-resonant excitation of photonic
structures with IDTs, here the phononic waveguide preferentially excites a
localized mechanical mode, which in turn strongly interacts with the optical
mode through the photoelastic effect. Finally, the optical mode can be out-
coupled or excited via an optical fiber taper waveguide. Using this platform,
we demonstrate preparation of the breathing mode in a coherent state at
any location in phase space, and optically read out an average coherent
intracavity phonon number as small as one-twentieth of a phonon. In the
time-domain, we show that RF pulses are mapped to optical pulses,
forming a resonant acousto-optic modulator with a sub-Volt half-wave
voltage. We also observe a novel acoustic wave interference effect in which
RF-driven motion is completely cancelled by optically-driven motion,
enabling the demonstration of interferometric opto-acoustic modulation in
which acoustic wave propagation is gated by optical pulses.

While the above platform has been shown to provide a coherent interface
between the RF, optical, and acoustic domains, the overall efficiency is
limited by imperfect matching across the various interfaces, e.g., IDT-to-
phononic crystal waveguide, etc. In the final part of my talk, | will outline
efforts to improve upon the transduction efficiency of the system.

3:00pm MN+EM+NS-MoA-5 Collective Nano-optomechanics for Sensing
Applications, Eduardo Gil Santos, W Hease, Universite Paris Diderot,
France; A Lemaitre, Centre de Nanosciences et Nanotechnologies, France;
M Labousse, C Ciuti, G Leo, | Favero, Universite Paris Diderot, France
Optomechanical resonators have been the subject of extensive research in
a variety of fields, such as sensing, communication and quantum
technologies. Our recent investigations on the capabilities of
optomechanical semiconductor disk resonators to operate as sensors in
liquids have revealed an astonishing potential. Minimum mass detection of
14-10* g, density changes of 2-107 kg/m? and viscosity changes of 5-107°
Pas, for 1s integration time, are extrapolated from our measurements in
liquids.

After landmark experiments realized on single resonators, the use of
multiple optomechanical cavities is essential to further improve their
sensing capabilities, as it enlarges the sensing area while keeping their
individual assets. This evolution towards collective nano-optomechanics
hence bears potential for a variety of sensing applications, but for quantum
or topological photonics as well. Unfortunately, the collective
configurations are usually impeded by the residual disorder imposed by
nanofabrication techniques, which naturally detunes high optical Q
resonators and precludes resonant interactions between them. Therefore,
overcoming fabrication imperfections and allowing spectral alignment of
resonators is essential.

Here, we develop a new simple and scalable post-fabrication method to
achieve such alignment in a permanent manner. The method introduces an
approach of cavity-enhanced photoelectrochemical (PEC) etching in a fluid
(gas or liquid). This resonant process is highly selective and allows
controlling the resonator size with sub-pm precision, well below the
material’s interatomic distance. Light resonantly injected into the optical
mode of an optical resonator immersed in a fluid triggers an etching
process, leading to a fine-tuning of the resonator’s dimensions. The
evolution of dimensions is monitored continuously by tracking the
resonator’s optical resonance with a laser. This tuning process is naturally
scalable to multiple resonators. We demonstrate it using a cascaded
configuration where optomechanical disk resonators, each supporting its
own localized optical and mechanical mode, are unidirectionally coupled
through a common optical waveguide. The technique is illustrated by finely
aligning up to five resonators in liquid and two in air, opening the way of
fabricating large networks of identical resonators.
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As an example of application of this tuning technique, we explore the
resonant optical interaction of multiple nano-optomechanical systems. We
observe a first form of collective behavior involving several distant
resonators, where a unidirectional flow of light frequency-locks a chain of
nano-optomechanical oscillators.

3:20pm MN+EM+NS-MoA-6 Microporous Nanophotonic Mechanical
Cantilevers for Mass Sensing, Anandram Venkatasubramanian, V Sauer, J
Westwood-Bachman, University of Alberta and The National Institute for
Nanotechnology, Canada; K Cui, S Roy, M Xia, National Institute for
Nanotechnology, National Research Council, Canada; D Wishart, University
of Alberta, Canada, W Hiebert, University of Alberta and The National
Institute for Nanotechnology, Canada

The Gas chromatography (GC) — Mass spectrometry (MS) system is the
industry benchmark in chemical analysis. However the large size of the
Mass spectrometry unit makes it unsuitable for portable applications.
Hence a portable universal mass sensing device that can be used with
portable GCs needs to be developed. In this regard, recent demonstration
with nano opto-mechanical system (NOMS) devices in conjunction with a
GC system have proven that these kinds of sensors have the breakthrough
potential to improve the sensitivity of portable GCs. Those demonstrations
using NOMS devices have shown these sensors to match the mass
detection limits of nanoelectromechanical systems (NEMS) sensors and can
potentially better their performance owing to their superior displacement
sensitivity compared to NEMS.

In this regard, a free space interferometry system based nanophotonic
sensor was developed and attached to a conventional GC. The
nanophotonic sensor consists of a microring racetrack resonator (for
concentration sensing) with a nanomechanical beam (for mass sensing)
adjacent to it. Common method to improve the sensitivity of a
nanomechanical beam is to apply surface coatings. However, the
application of surface coatings can potentially affect its universal sensing
characteristics. Hence an alternate way to improve the adsorption
sensitivity is to increase the surface area of the nanomechanical sensor to
aid in increasing the number of gas adsorption sites.

In this paper we increase the surface porosity of nanomechanical beam by
stain etching. Care was taken to protect the adjacent microring resonator
from stain etching as surface pores can negatively affect the performance
of the ring resonator due to increased scattering. The stain etching was
conducted using vanadium oxide/Hydrofluoric acid based chemistry to etch
~ 10nm pores of random morphology on the surface. Based on an
estimated porosity of <15% by volume, we have noted an increase in mass
adsorption of > 50 - 100% when tests were conducted using different
volatile organic compounds. In other words, a mass adsorption
enhancement factor of 1.5 to 2 has been achieved. Due to this enhanced
adsorption, the mass detection threshold has improved by an order of
magnitude (~10°g). To the best knowledge of the authors, this is the first
time NOMS based porous nanomechanical mass sensor has been
developed.

Mass Adsorption Enhancement Factor = Adsorption frequency shift for
porous beam/Adsorption frequency shift for non porous beam

4:00pm MN+EM+NS-MoA-8 Tunable Resistivity in Inkjet Printed Circuit by
Plasma Reduction of Particle-free, Stabilizer-free Ink, Y Sui, S Ghosh, C
Miller, M Sankaran, Christian Zorman, Case Western Reserve University
Inkjet printing offers a low-cost, rapid methodology to produce patterned
metal thin films on flexible substrates. The most commonly used ink
consists of colloidal suspensions of nanoparticles prepared by wet chemical
reduction of metal salts. Even after concentrating the nanoparticles
through solution processing, the as-printed ink usually exhibits a low
conductivity due to the presence of organic molecules that help stabilize
the nanoparticles from agglomeration and precipitation. High temperature
(>200 C) treatment is then required after printing to remove the insulating
organics and sinter the nanoparticles. The thermal step can limit printing
on polymers such as PDMS, paper, and 3D printed polymers.

Here, we present a particle-free, stabilizer-free ink and a low-temperature
plasma reduction process to produce electrically conductive metallic
patterns on temperature-sensitive without any additional thermal step.
The ink is comprised of a metal salt, a solvent, and a viscosity modifier, and
is absent of any large organic molecules that cannot be evaporated after
printing. The as-printed and dried metal salt is then treated with a plasma
formed in a low-pressure argon environment. Even without the presence of
highly reactive atomic and molecular hydrogen, this process is found to be
sufficient to reduce the metal salt to highly conductive metal with
resistivities approaching bulk values. More importantly, we found the
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resistivity of the printed structure can be tuned over a range of 2 orders of
magnitude by varying the plasma power and treatment time. Thus far, we
have demonstrated this general approach for silver (Ag) and tin (Sn) from
silver nitrate (AgNO3) and tin (lI) chloride (SnClI2), respectively. Details of
the material properties as assessed by materials characterization and
electrical conductivity measurements, device application to RC filter
circuits, and applicability to other metals will also be discussed.

4:20pm MN+EM+NS-MoA-9 Cold Forming of Shallow Spherical Micro Caps
by Nano Imprinting, Asaf Asher, E Benjamin, L Medina, S Lulinsky, Tel Aviv
University, Israel; R Gilat, Ariel University, Israel; S Krylov, Tel Aviv
University, Israel

Many nonlinear systems are distinguished by bistability, which manifests
itself as the coexistence of two equilibria under the same loading. Progress
in the development of micro and nano structures stimulated renewed
interest in the mechanics of bistable elements. Applications of these
devices in the realm of micro and nanoelectromechanical systems
(MEMS/NEMS) include switches, sensors, non-volatile memories, micro-
pumps, micro-resonators and deformable mirrors. While curved beam-type
bistable micro structures were intensively investigated both theoretically
and experimentally much less attention was paid to two-dimensional
bistable structures such as initially curved plates and shells (caps). One of
the reasons is that lithography-based processes commonly used in
MEMS/NEMS are essentially planar and are not suitable for fabrication of
cap-like structures with an out-of-plane curvature. Existing approaches
include gray-scale lithography or a glass blowing technique.

In this work we discuss several approaches for fabrication of shallow micro
shells. One of the directions is the use of the cold forming techniques,
when stamping changes a flat thin foil of ductile material into double-
curvature components. While multiple variations of this process were used
at the macro scale, much less works reported the implementation of this
technique in MEMS. In the framework of the fabrication process used in
our work, a layer of Al or Cu is deposited on top of a Si wafer. Sputtering is
implemented for the creation of a thin seed layer, followed by
electrodeposition used to increase the layer thickness to a desired value.
Next, an opening is etched through the wafer using deep reactive ion
etching (DRIE). Finally, the forming process is performed using nano-
imprinting lithography tool. The tool allows very precise control of the
force applied to the structure as well as the stamp temperature,
displacements and rate of loading. Finite elements analysis and compact
reduced order models are used for the evaluation of the desired
parameters. Prior to forming, residual stress of the thin suspended
membranes is estimated using a resonance method, by means of
comparison of the measured natural frequencies of the device with the
model predictions. We discuss suitability of different structural materials,
deposition methods and stamping techniques for the formation of non-
planar three-dimensional micro structures.

4:40pm MN+EM+NS-MoA-10 Plate Mechanical Metamaterials: The
Thinnest Plates You Can Pick Up by Hand, Igor Bargatin, University of
Pennsylvania INVITED
Recently, my group has demonstrated a new class of ultra-lightweight
plate-shaped mechanical metamaterials, which we named "plate
mechanical metamaterials". Using a periodic three-dimensional patterning,
we fabricated free-standing plates up to 1 cm in size out of aluminum oxide
(alumina) films as thin as 25 nm. Weighing as little as 0.1 gram per square
meter, they are among the thinnest and lightest freestanding solids that
can be handled with bare hands. We also combined multiple ultrathin
layers of alumina to create a nanoscale analog of paper-based corrugated
cardboard. Unlike cardboard, these plates have the ability to “pop back” to
their original shape, without damage, even after undergoing multiple sharp
bends by more than 90 degrees.

Like the nanotruss -based mechanical metamaterials reported by other
groups, plate mechanical metamaterials are extremely lightweight and
resilient due to their nanoscale thickness and microscale cellular structure.
However, in contrast to the cube-shaped metamaterials that typically form
a lattice easily penetrated by the ambient air, our plates form flat
continuous plates. Ultralow weight, mechanical robustness, thermal
insulation, as well as chemical and thermal stability of alumina make plate
metamaterials attractive for numerous applications, including structural
elements in flying microrobots, high-temperature thermal insulation in
energy converters, testing of nanoscale strength enhancement, new types
of optical and acoustic metamaterials, as well as ultrathin MEMS/NEMS
sensors and ultra-lightweight hollow MEMS/NEMS resonators.

Monday Afternoon, October 30, 2017

37

Nanometer-scale Science and Technology Division
Room 19 - Session NS+HC+SS-MoA

Oxides in Nanotechnology
Moderator: Nancy Burnham, Worcester Polytechnic Institute

2:00pm NS+HC+SS-MoA-2 Epitaxial Growth and Characterization of WO3
and WOs.s Thin Films, Yingge Du, Z Yang, Z Zhu, C Wang, Pacific Northwest
National Laboratory

Tungsten trioxide (WOs) based thin-film materials are of significant
importance because of their diverse structures and wide range of
properties. These materials have found widespread applications in display
devices, electrochromic “smart” windows, gas sensors, catalysis, and
photocatalysis. Investigations of WOs films in epitaxial form offer definite
advantages over porous or polycrystalline forms for fundamental science
studies. For example, the ability to detect and eliminate secondary phases
and surfaces simplifies the material system and makes it easier to establish
defensible cause-and-effect relationships. While amorphous,
polycrystalline, and epitaxial WOs films have been prepared by several
methods such as evaporation of WOs, sputtering, and pulsed laser
deposition, the growth of epitaxial WOs films by molecular beam epitaxy
(MBE) is much less explored.

We examined three different ways to grow epitaxial WOs films by MBE — by
evaporating WO3 powders from an effusion cell, by evaporating WOx
surface layers formed on W metal surface, and by evaporating tungsten
metal in an oxidizing environment. Epitaxial films are formed in all three
cases but the growth characteristics vary significantly. The films from the
first two methods are found to grow as stoichiometric islands first, while
the third method leads to layer by layer growth, with significant amount of
ordered oxygen vacancies. The films are characterized in-situ by RHEED and
XPS, and ex-situ by XRD, SIMS, and STEM.

2:20pm NS+HC+SS-MoA-3 Oxide Surfaces: Structure, Adsorption, Growth,
Ulrike Diebold, TU Wien, Austria INVITED
Fundamental investigations into the surface properties of oxides have
experienced a continued growth. The reasons for this increasing interest
are quite clear: after all, most metals are oxidized under ambient
conditions, so in many instances it is the oxidized surface that deserves our
attention. In addition, metal oxides exhibit an extremely wide variability in
their physical and chemical properties. These are exploited in established
and emerging technologies such as catalysis, gas sensing, and energy
conversion schemes, where surfaces and interfaces play a central role in
device functioning. Hence a more complete understanding of metal oxide
surfaces is desirable from both fundamental and applied points of view.

By using Scanning Probe Microscopy measurements, in combination with
Density Functional Theory calculations and area-averaging spectroscopic
techniques, great strides have been made in understanding the atomic-
scale properties of the surfaces of these complex materials.

In the talk | will give examples drawn from recent studies on several metal
oxide systems, including TiO2, FesOas, In20s, ZrOz, and perovskites. | will
point out the advantages of directly viewing, and manipulating, point
defects and single molecules with atomic precision, and how inspecting
central processes such as charge transfer to adsorbates can further a deep
mechanistic understanding. | will also discuss new opportunities based on
recent technique development such as Scanning Force Microscopy, and the
challenges and possible rewards in exploring more complex materials.

3:00pm NS+HC+SS-MoA-5 Imaging and Sensor Applications of infiltrated
Zinc Oxide, Leonidas Ocola, Argonne National Laboratory; V
Sampathkumar, University of Chicago;, N Kasthuri, R Winarski, Argonne
National Laboratory; Y Wang, J Chen, University of Wisconsin - Milwaukee
With the increased portfolio of materials that can be deposited using
atomic layer deposition (ALD) there has been an increased interest in
infiltrated metal oxides such as zinc oxide for novel applications. We find
that ZnO metal oxide ALD infiltration can be useful for nanoscale resolution
imaging of biological samples in electron and X-ray microscopy and to
fabricate novel UV and gas nanosensors with high sensitivity. The ALD
infiltration utilizes similar concepts of the ALD coating process with the
significant difference in process exposure times, pressure, and purpose.
The purpose is to allow the precursor gases infiltrate a porous media (such
as a dry biological sample or a photoresist polymer) and allow the reaction
to occur inside the material matrix.

Most biological materials have problems with charging when imaging with
electrons and low contrast when imaging with hard X-rays. In this
presentation we describe the use of infiltrated ZnO as a means to address
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both charge dissipation in electron microscopy and contrast enhancement
for X-ray microscopy. With ZnO infiltration it is feasible to coata 2 =3 nm
conductive metal oxide film throughout a porous biological sample, and
image both the surface and the interior of a sample without any further
sample recoating. We demonstrate this technique can be applied on tooth
and brain tissue samples. We show that high resolution X-ray tomography
can be performed on biological systems using Zn K edge (1s) absorption to
enhance internal structures, and obtained the first nanoscale 10 KeV X-ray
absorption images of the interior regions of a tooth.

In terms of device fabrication we use SU8 as a negative resist that allows
for localization of the infiltration process. We have used this property to
make a device that is UV sensitive, and that is sensitive to ppm
concentrations of gases by using infiltrated zinc oxide. The large bandgap
and semiconductor properties of ZnO allow for a visible-blind ultra violet
light sensor. We used a standard UV flashlight that emits at 408 nm as the
UV source. We also tested the same device for sensing gases like nitrous
oxide and formaldehyde. We show that the device can detect these gases
with concentrations of 5 ppm. The change in current for such low
concentrations was measured to be between 25% and 35 %.

- Use of the Center for Nanoscale Materials and the Advanced Photon
Source, both Office of Science user facilities, was supported by the U.S.
Department of Energy, Office of Science, Office of Basic Energy Sciences,
under Contract No. DE-AC02-06CH11357. Additional funding by IARPA,
(ARIADNE) under Contract D16P00002

3:20pm NS+HC+SS-MoA-6 Plasma Modified Gas Sensors: Bridging the Gap
Between Tin Oxide Nanomaterials and Paper-Based Devices, Kimberly
Hiyoto, E Fisher, Colorado State University

Metal oxide nanomaterials are desirable for solid-state gas sensors because
of their low manufacturing cost and ability to detect a wide variety of gases
through changes in resistance resulting from gas-surface interactions. The
substrates that support these materials, however, are often brittle and
their smooth surface limits the amount of nanomaterial that can be
exposed to target gases. Recent attempts to address these issues utilize
paper substrates, that are not only low cost, but flexible to allow for a more
robust device. Moreover, the porous, fibrous morphology of paper
substrates provides significantly increased surface area for attaching more
nanomaterials when compared to a traditional substrate of the same size.
Despite recent improvements to paper-based metal oxide gas sensors,
tin(IV) oxide (SnOz) nanomaterials require high operating temperatures,
thus have not yet been successfully translated to paper-based sensors.
Here, we describe how low power (30 — 60 W) Ar/O; plasma modification,
can be used to enhance gas-surface interactions of SnO: paper-based
sensors while maintaining desirable bulk nanomaterial and substrate
architecture. X-ray photoelectron spectroscopy revealed plasma treatment
increased adsorbed oxygen, which is thought to improve sensor response
by promoting gas-surface interactions. Indeed, plasma modified SnO.
nanomaterials on a paper substrate exhibit improved response to ethanol,
carbon monoxide, and benzene at ambient temperature. Furthermore,
scanning electron microscopy demonstrates that plasma treatment does
not damage the morphology of SnO; or the paper substrate. Response and
recovery studies on these devices will be discussed along with SnO:
nanomaterial gas sensors created on more traditional substrates (e.g. ZrO2)
as another measure of sensor performance. A better understanding of how
plasma modification and the resulting changes in surface chemistry affect
sensor performance is an important step towards achieving improved
paper-based gas sensors using SnO2 nanomaterials.

4:00pm NS+HC+SS-MoA-8 Understanding the Initial Stages of Oxidation in
Nickel-Chromium Alloys, P Reinke, William H. Blades, G Ramalingam,
University of Virginia

Through a combined experimental and computational effort, the
interaction of oxygen with Nickel-Chromium alloys is studied. Prior to the
formation of a full oxide layer, the physical and chemical processes behind
the initial stages of oxidation are not well understood. This work fills a
significant gap in our understanding of binary alloy oxidation. Scanning
Tunneling Microscopy and Spectroscopy were used to observe the onset of
oxide formation. These surface techniques are combined with Bandgap and
Density of States maps, which lend themselves as powerful tools when
studying surfaces with heterogeneity at the nanoscale. Ni-Cr(100) thin films
with a range of compositions were prepared on MgO(100) in UHV and
exposed to controlled amounts of oxygen up to 400L. Previous experiments
have shown chromia to be the dominant oxide when Ni-Cr alloys are
oxidized with a partial pressure of p(02)<107mbar at 300°C. Under these
oxidation conditions the Ni prefers the kinetically favorable Ni(100)-c(2x2)-
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O reconstruction. Our experiments demonstrate that a combination of
increased chromium concentration, which locally catalyzes the Ni, and an
elevated oxidation temperature of 500°C can overcome the activation
barrier for NiO formation. The statistical analysis of island densities and
sticking coefficient, in direct comparison of Ni and Ni-Cr surfaces, support
the idea that NiO nucleation is facilitated by the presence of Cr. Early
oxidation steps reveal that initial NiO nucleation and growth occurs along
the step edges of the Ni-Cr alloy. This is in contrast to Ni(100)-c(2x2)-O
where the step edges are passivated and devoid of reactive kink sites. We
suggest that the presence of Cr at the step edges lowers the activation
barrier and thus promotes rapid NiO formation. Anneal periods have
shown that at low coverage, the NiO is readily desorbed from the surface
leaving behind small oxides particles and regions with chemisorbed oxygen.
Further oxidation steps create a high quality crystalline oxide layer, which is
significantly more stable at elevated temperatures. Density Functional
Theory is used to develop an understanding of the electronic and
geometric structure of the oxidized Ni-Cr alloys and the effect of chromium
on the local bonding environment. This collective experimental and
theoretical approach has offered greater insight into alloy-oxide interface
structure, and the role of transition metal dopants in the oxidation process
in the pre Cabrera-Mott regime. This work is supported by the Office of
Navel Research MURI “Understanding Corrosion in Four Dimensions,”
Grant NO0014-14-1-0675.

4:20pm NS+HC+SS-MoA-9 Evaluation of Titanium Doped B-Ga:0s Thin
Films in Extreme Environment for Application in Oxygen Sensors, Sandeep
Manandhar, A Battu, C Ramana, University of Texas at El Paso

The reliable and efficient operation of power generation systems has
become one of the grand challenges of today’s research in order to meet
the ever-increasing demand for energy and sustainability. The
improvement in power/energy generation processes, in particular, for
those depend on fossil fuels, the higher temperature and accurate
measurement of the combustion environment and the emissions produced
by the combustion via proper selection of sensing materials can enhance
the efficiency and reliability. While several candidate metal oxides (SnO,
Zn0, TiO2, W03, and Gaz0s) exhibit high sensitivity chemical gases, B-Gaz0s
has shown to function as oxygen sensor at high temperatures (>700°C).
However, the response time and sensitivity must be improved in order to
utilize them in practical applications. While improved sensor characteristics
are seen in various metal/ion doped B-Ga»0s, fundamental understanding
of the long term effects of high temperature exposure on the structure and
properties of doped B-Gaz20s films is missing at this time. However, such
studies are quite important to predict the thermodynamic stability and
performance in extreme environments. In this work, we performed a
detailed study to understand the effect of extreme environment on
titanium (Ti) doped B-Ga:0s3. The real environment condition for sensor
(>700°C) application were simulated to understand the effect of
temperature on the crystal structure, mechanical properties, electronic
properties and oxidation states of Ti doped B-Ga:0s. The results will be
presented and compared with as prepared Ti doped B-Ga;0s films in the
context of utilizing these materials in oxygen sensor applications.

4:40pm NS+HC+SS-MoA-10 Characterization of Infiltrated ZnO in PS-b-
PMMA Nanostructures, Paris Blaisdell-Pijuan, University of Chicago, L
Ocola, Argonne National Laboratory

We have characterized the growth of ZnO using sequential infiltration
synthesis (SiS) on PS-b-PMMA block copolymers (BCP) of spherical and
cylindrical ~ sub-20nm  morphologies and  studied how the
photoluminescence of these nanostructures varies per its seed layer.
Investigation of these structures was done using atomic force microscopy
(AFM), spectrofluorometry, Raman spectroscopy, and scanning electron
microscopy (SEM). We report blue-shifted photoemission at 335nm
(3.70eV), suggesting quantum confinement effects. Samples of ZnO
prepared with an alumina seed layer showed additional defect state
photoemission at 470nm and 520nm for spherical and cylindrical BCP
morphologies, respectively. Defect photoemission was not observed in
samples prepared without a seed layer. No Raman peaks were observed for
any samples with less than four cycles of ZnO, implying the absence of
phonons and the functionality of these ZnO nanostructures as isolated
emitters. Rapid thermal annealing of samples in air above 500 °C began to
coalesce and show photoemission characteristic of bulk ZnO at 370nm
(3.35eV). Our work demonstrates that ZnO nanostructures grown on PS-b-
PMMA via SiS are advantageous in uniformity and size, and exhibit unique
fluorescence properties. These observations suggest that infiltrated ZnO in
PS-b-PMMA nanostructures lends itself to a new regime of applications in
photonics and quantum materials.
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Plasma Processing for Biomedical Applications Focus Topic
Room 12 - Session PB+BI+PS-MoA

Plasma Agriculture & Processing of Biomaterials
Moderator: Kristian Wende, INP Greifswald

1:40pm PB+BI+PS-MoA-1 Control for Plant Disease and Development by
Atmospheric Pressure Plasma, Gyungsoon Park, Kwangwoon University,
Republic of Korea INVITED
Previously, we observed that seeds contaminated with Fusarium fujikuroi
(a fungus causing rice bakanae disease) were more effectively disinfected
in water by arc discharge plasma than ozone. Efficiency of disinfection was
decreased when the distance between seeds and electrodes becomes
greater. This indicates that shockwave from arc plasma may play an
important role in seed sterilization, and we measured about 50-60 atm
shockwave pressure. In addition, seed surface became more hydrophillic
after plasma than ozone treatment indicating that water containing ROS
and RNS can more easily get inside hull. Ozone level in water was
decreased when seeds were present. This is probably due to the chemical
reaction of ozone with seed surface molecules and will eventually cause
the decrease in efficiency of seed disinfection. We also analyzed the effect
of water and buffer treated with microwave plasma generated gas
containing nitric oxide (PGNO) on development of spinach. The real time
level of nitric oxide in water and phosphate buffer was increased to about
100 uM after treatment with PGNO for 50 min. Spinach treated with PGNO
water seems to become more tolerant to drought stress. Our work was
supported by the National Research Foundation of Korea (NRF) grant (No.
2010-0027963), Rural Development Administration (RDA) grant (No.
PJO09891) and National Fusion Research Institute (NFRI) grant.

2:20pm PB+BI+PS-MoA-3 Biomass Pyrolysis Using Low Temperature
Plasma, Y Gao, N Uner, J Meyer, M Foston, Elijah Thimsen, Washington
University in St. Louis

Low temperature plasmas (LTP) are recently being used for processes
involving complicated heterogeneous chemistry. Due to their unique non-
equilibrium environment and the abundance of reactive radicals, LTPs are
expected to bring selectivities and reactivities that are difficult to obtain in
systems governed by local thermal equilibrium. In this study, we utilize low
temperature plasmas for converting biomass into more valuable chemicals.

Biomass is an abundant and renewable source of carbon. It is recently
reported that biomass can be supplied and processed at a scale large
enough that is comparable to petroleum [1]. Current research efforts are
focused on upgrading biomass into hydrocarbons and valuable aromatic
compounds. One common method is to pyrolyze biomass into oils at high
pressure. However, the product distribution usually turns out to be very
broad, therefore the yields of the desired components are often low.
Another common method is to gasify the biomass into syngas, a mixture of
CO and Ha. Both pyrolysis and gasification are indirect routes of converting
biomass into valuable chemicals. Complicated additional steps are usually
required, as in the case of hydrodeoxygenation of pyrolysis oil or
production of various paraffins/olefins via Fischer-Tropsch synthesis from
biomass-derived syngas. Furthermore, a common drawback for both
pyrolysis and gasification methods is the deactivation of catalysts due to
coke formation.

In this study, we demonstrate a single-step process without catalysts that
generates oxygen-free hydrocarbons with high yield. We will report low
temperature plasma conversion of lignocellulosic biomass in a gram-scale
radio frequency reactor. Preliminary work shows that the plasma rapidly
converts solid feedstock into primarily small chain hydrocarbons. Effects of
process parameters such as plasma power, plasma gas composition,
operating pressure and biomass feedstock will be presented, along with a
techno-economic analysis of the process.

[1] U.S. Department of Energy, “2016 Billion-Ton Report: Advancing
Domestic Resources for a Thriving Bioeconomy,” Oak Ridge National
Laboratory, Volume 1, 2016.

2:40pm PB+BI+PS-MoA-4 Growth of Plasma-Treated Corn Seeds under
Realistic Conditions, Chisung Ahn, | Shchelkanov, University of lllinois at
Urbana-Champaign; J Gill, AgReliant Genetics, LLC; D Ruzic, University of
Illinois at Urbana-Champaign

Plasma treatments of agricultural seeds have been proposed to enhance
germination and improve growth rate by elimination of unwanted
microbes, water absorption control, introducing functional groups or other
effects. In particular, making a plasma-activated medium which has
nitrogen as its main component can affect the efficiency of water use in the
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germination phase. There is also a remarkable complementary effect
between plasma treatments and biological pre-treatment. To confirm the
plasma effects seen in the lab scale, this work seeks to investigate a variety
of seed treatments on an industrial agriculture scale.

In this study, various kinds of plasma were introduced for mass treatment
of corn seeds to investigate the germination and growth effect. The seed
utilized for the experiment is an elite 111 days yellow dent corn hybrid
adapted to the US Midwest. Seven experimental treatments were
evaluated: Control, Biological treatment only, Plasma Activated Water
(PAW) treatment, Atmospheric Pressure DBD Plasma, Microwave
Atmospheric Plasma, Vacuum Plasma and Just Vacuum. The corn seeds
were treated uniformly by one-layer arrangement on each stage without
burning or blackening by the plasma. Each treatment was performed on a
total of 1800 corn seeds. Seed of each experimental condition were treated
with the recommended rate of Poncho Votivo with Acceleron, a
commercial biological seed treatment that helps protect the seeds from
fungus, insects, and nematodes after planting. The 1800 seeds were
divided evenly into three replications with 100 seeds planted for each
replication at six unique locations across central lllinois. The results of
germination, growth, and product yield over the 2017 growing season will
be presented.

3:00pm PB+BI+PS-MoA-5 Advanced Control of Plasma Medical Devices,
David Graves, University of California, Berkeley; A Mesbah, D Gidon,
University of California at Berkeley

Atmospheric pressure plasma jets (APPJs) have widespread use in plasma
medicine. This presentation aims to demonstrate the importance of using
advanced control strategies for safe, reproducible, and therapeutically
effective application of APPJs for dose delivery to a target substrate. Key
challenges in advanced control of APPJs arise from: (i) the multivariable,
nonlinear nature of system dynamics, (ii) the need to constrain the system
operation within an operating region that ensures safe plasma treatment,
and (iii) the cumulative, non-decreasing nature of dose metrics. To
systematically address these challenges, we propose a model predictive
control (MPC) strategy for real-time control of a radio-frequency APPJ in
argon. To this end, a lumped-parameter, physics-based model is developed
for describing the jet dynamics, and cumulative dose metrics are defined
for quantifying the thermal and non-thermal energy effects of the plasma
on substrate. The closed-loop performance of the MPC strategy is
compared to that of basic proportional-integral control. Simulation results
indicate that MPC provides a versatile framework for dose delivery in the
presence of system disturbances, while fulfilling the safety and practical
constraints of APPJ operation. In addition, we demonstrate the use of
advanced control in experimental APPJ systems. Advanced control can lead
to unprecedented opportunities for effective dose delivery in plasma
medicine.

3:20pm PB+BI+PS-MoA-6 Fingerprinting Different Plasma Sources for
Biomedical Applications, Katharina Stapelmann, North Carolina State
University;, K Wende, INP Greifswald, Germany, B Offerhaus, Ruhr
University Bochum, Germany; C Verlackt, University of Antwerp, Belgium; C
Klinkhammer, F Kogelheide, M Havenith, Ruhr University Bochum,
Germany; A Bogaerts, University of Antwerp, Belgium; P Awakowicz, J
Lackmann, Ruhr University Bochum, Germany

Cold technical plasmas (CAPs) are under investigation in various fields of
industry and medicine. First clinical trials using CAPs for wound healing
show promising results. Preliminary results in other fields of plasma
medicine, such as cancer treatment, offer promising findings as well.
However, the interactions of technical plasmas with biological samples on a
molecular level are only partly understood. CAPs generate complex
chemical cocktails, having an impact on various biological structures [1].
The impact can vary betweeen different sources, e.g. by employing a DBD
in air or a noble gas driven jet. A better understanding of the chemical
reactions occuring would allow to tune and adapt plasmas for specific
tasks. One prevalent impact of plasma on biological targets has been the
chemical modification of thiol groups, which carry out various important
tasks in the human body, such as cell signaling and protein structure
formation. As thiols are involved in many regulatory and functional
processes in tissues, an in-depth understanding of the impact of plasma
treatment on thiols is highly relevant for a safe application of plasmas in
medicine.

In order to get insight into these interactions, various thiol-containing
model substrates, such as the amino acid cysteine and larger target
substrates, were investigated with different plasma sources [2,3]. By using
a standard target substrate, the impact of various plasma sources can be
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compared not by means of a physical characterization but by their chemical
impact. Stepwise increase of sample complexity allows monitoring how
thiols are affected by plasma treatment in an ever more complex
environment. The combination of experimental evidence and MD
simulations permit a comprehensive overview of chemical processes
induced by plasma treatment. This combined approach allows a more
throughout investigation of modifications on a molecular level and helps to
understand fundamental plasma chemistry processes. Furthermore,
knowledge about the substrate chemistry enables the use of test
substrates as bio-probes for the investigation of plasma chemistry in other
industrial fields [4].

[ 1] Lackmann J-W and Bandow J E 2014 Appl. Microbiol. Biotechnol. 98
6205-13

[ 2] Kogelheide F et al 2016 J. Phys. D: Appl. Phys.49 084004
[ 3] Lackmann J-W et al. 2015 J. Phys. D: Appl. Phys. 48 494003
[ 4] Offerhaus B et al. 2017, accepted in Plasma Process Polym.

4:00pm PB+BI+PS-MoA-8 Exploring Plasma Coatings Comprising Vertical
Chemical Gradients and Multilayers for Biomedical Applications, Dirk
Hegemann, M Vandenbossche, M Heuberger, Empa, Swiss Federal
Laboratories for Materials Science and Technology, Switzerland  INVITED
The common definition of “surface” includes surface atoms and molecules,
practically extending at the most some three layers — typically one
nanometer. This definition is justified by the fact that many surface
properties related to symmetry breaking, such as chemistry, wettability or
surface charge are determined by the top most surface layer. The common
understanding is that this thin surface region also determines how
molecules adsorb onto it. Far less explored are effects due to interactions
with deeper subsurface layers, i.e. the region extending over several
nanometers underneath the “surface”. This subsurface region, however,
might significantly contribute to molecular adsorption via long-range (i.e.
few nm) interaction forces; mainly interactions with fixed dipoles, water
structuring and Van der Waals interactions. A key factor to make use of
these interaction forces thus lies in the hydration of the subsurface region.

Therefore, stable plasma polymer films made of siloxanes were designed
that contain a hydrophilic nanoporous base layer terminated by a
hydrophobic top coating, nominally 2-12 nm thick. As a model molecule,
bovine serum albumin (BSA) was selected and its adsorption was studied
on gradient coatings as well as reference coatings immersed in water or
phosphate buffered saline (PBS). As a result, protein adsorption was
reduced on hydrated hydrophobic/hydrophilic gradient coatings, while dry
or dehydrated films show the same adsorption as the reference
hydrophobic plasma polymer film.

Furthermore, double layers made of a terminal a-C:H:0 plasma polymer
layer (1-5 nm thick) on a-C:H:N base layers were investigated comprising a
gradient in carboxylic-to-amino groups. Again conditions were selected to
obtain stable plasma polymer films when immersed in aqueous
environments. Adsorption using the green fluorescent protein (GFP) on
different double layers and reference layers were examined. Enhanced
protein adsorption was observed for the 1 nm thick terminal layer of a-
C:H:0 on a-C:H:N as compared to each reference layer.

Hence the vertical nanostructure of a functional surface implies an
additional factor to control adsorption processes. Protein adsorption,
selectivity and bioactivity can thus be controlled by using subsurface
effects being an important finding for biomedical applications such as e.g.
tissue engineering.

Plasma Science and Technology Division
Room 23 - Session PS+AS+SS-MoA

Plasma Surface Interactions
Moderators: Michael Gordon, University of California at Santa Barbara,
Ying Zhang, Applied Materials, Inc.

1:40pm PS+AS+SS-MoA-1 Exploring the Gas-Surface Interface in NxOy
Plasma Surface Modification of Zeolite Materials for Environmental
Applications, Angela Hanna?, E Fisher, Colorado State University

With increasing concern for environmental health and climate change,
there is a greater need to explore fundamental reactivity of pollutant
species. Improving the effectiveness of substrates used in vehicular
emissions abatement hinges on the ability to discern the contributions of

1 Coburn & Winters Student Award Finalist
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gas-phase species in surface reactions. Here, inductively-coupled N.Oy
plasma systems were investigated to determine relationships between
precursor chemistry and gas-surface interface interactions with different
substrates. Precursor chemistry was probed via gas-phase diagnostics;
time-resolved optical emission data elucidated NO (g) and N2 (g) production
kinetics from NxOy source gases, whereas steady-state emission and
absorbance data provide information on energy partitioning between
different degrees of freedom (e.g. vibrational and rotational modes).
Specifically, we have determined rotational (7Tg) and vibrational (Tv)
temperatures for Nz (B3Mg <> C3My) and NO (X?N¢> A? 3*). Tz and Ty for
both molecules show strong positive correlations with applied rf power, as
well as a negative correlation with system pressure. Ty is significantly
higher than Tz for both N2 and NO, regardless of precursor, with Ty ranging
from ~2000 K to >3000K and Tr having values between ~300 K and 1000 K.
Ultimately, these data afford significant insight into increased
understanding of molecule formation and decomposition pathways, as well
as overall plasma chemistry in nitrogen and oxygen-containing plasma
systems of interest to pollution abatement. Similarly, interface studies
explored the influence of both non-catalytic (e.g. Si wafers) and catalytic
(e.g. zeolites, Pt wire) substrates on the gas-phase chemistry in the same
plasma systems. X-ray photoelectron spectroscopy and scanning electron
microscopy analyses of surface oxidation and morphological changes
resulting from plasma processing will be presented. Furthermore, we will
describe plasma surface modification of zeolites, in both a static plasma
reactor and a rotating drum reactor. Our holistic approach to employing
diagnostics tools to characterize the plasma, the surface, and the gas-
surface interface suggests a more thorough evaluation of plasma
processing for NxOy emission control.

2:00pm PS+AS+SS-MoA-2 Effects of lon induced Damages on Etching
Characteristics of ITO Thin Films, Hu Li, K Karahashi, Osaka University,
Japan; M Fukasawa, A Hirata, K Nagahata, T Tatsumi, Sony Semiconductor
Solutions Corporation, Japan,; S Hamaguchi, Osaka University, Japan
Micro-fabrication of transparent conducing oxides (TCOs), such as tin-
doped indium oxide (ITO) and zinc oxide (ZnO), has been performed for
optoelectronic devices such as solar panels and head-mounted liquid
crystal displays. With the increasing demand of such devices, more efficient
and more controllable fabrication technologies for patterning of TCOs are
highly required. Reactive ion etching (RIE), which uses energetic reactive
ions and typically allows high etch rates and high selectivity over hard
masks, may be suitable for high-resolution pattering of TCOs. Hydrocarbon-
based non-corrosive gases such as CHs and methanol have been used for
RIE processes of TCOs. However, etching reactions and mechanisms of such
processes have not been well understood. Therefore, the goal of this study
is to clarify the mechanisms of RIE of TCOs by hydrocarbon-based plasmas.

In this study, sputtering yields of ITO were measured with the use of a
mass-selected ion beam system, which allows the injection of only desired
ion species with a specified incident energy into a substrate set in an ultra-
high vacuum chamber. It has been found that the physical sputtering yield
of an ITO film increases with pre-injection of energetic hydrogen (H) or
helium (He) ions, which indicates that some atoms of the modified ITO film
are less tightly bound and become more amenable to physical sputtering.
The X-ray Photoelectron Spectroscopy (XPS) observation of ITO films pre-
treated by energetic H or He ion injections has shown that the increase of
the sputtering yield cannot be explained by the surface reduction of ITO
films. In our preliminary study on ZnO, we have observed by Transmission
Electron Microscopy (TEM) that the grain sizes of a ZnO film decrease after
the film is exposed to energetic He ion injection. Therefore we surmise that
grain sizes of ITO also similarly decrease and consequently the regions of
grain boundaries increase after the film is pretreated by energetic H or He
ions. By definition, atoms at grain boundaries are less tightly bonded with
surrounding atoms than those in the crystalline bulk and therefore the
increase of the grain boundaries is likely to contribute to the increase of
the sputtering yield of the film.

2:20pm  PS+AS+SS-MoA-3 Nitriding Process for Next-generation
Semiconductor Devices by VHF (162 MHz) Plasma Source, Youlin Ji, K Kim,
K Kim, G Yeom, Sungkyunkwan University, Republic of Korea

Recently, for low power and high performance of semiconductor devices,
the gate oxide thickness is scaled down and gate line-width is reduced. As a
result, the role of nitride layer on gate oxide has become crucial to prevent
the penetration of boron through thin gate oxide. In addition, high step
coverage characteristics that are applicable to fine line patterns in a
semiconductor device are also demanded. To keep pace with these
detailed requirements, nitriding processes of the deposited silicon oxide
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employing conventional 13.56 MHz plasma source and N: as the nitriding
gas has been generally utilized. However, 13.56 MHz plasma is difficult to
decompose N gas sufficiently, therefore, the thickness and nitrogen
percentage of the oxynitride layer obtained by nitriding process are limited.
In addition, high temperature operation above 200 °C can also cause the
degradation of the device. In this study, a VHF (162 MHz) multi-tile plasma
source was used for the decomposition of N2 gas and the effect of the
plasma conditions of VHF multi-tile plasma source on the nitridation of
silicon oxide at room temperature was investigated. Using the VHF (162
MHz) plasmas, high density nitrogen plasmas with a low electron
temperature and high vibration temperature were generated and, with
these plasmas, dense oxynitride films with high nitrogen contents could be
fabricated. Also, by controlling the plasma conditions, highly uniform
oxynitride films with a high step coverage could be also obtained.

2:40pm PS+AS+SS-MoA-4 Defect Generation in Graphene Films by Low-
Pressure Inductively Coupled Argon Plasmas Treatments, X Glad, P
Vinchon, S Boivin, G Robert-Bigras, Luc Stafford, Université de Montréal,
Canada

For many applications, graphene properties need to be tuned by post-
processing techniques, such as plasma treatment. The latter is commonly
used as a graphene doping method [1]. However, the decoupling of doping
and damage mechanisms may be complex. Typically, damage studies on
graphene are carried out using high-energy electron beams [2] or ion
beams at energy above a few tens of eV [3]. Nonetheless, a few studies
showed that plasma treatment may induce damage on graphite although
incident ions transfer less energy to the graphite lattice than the energy
threshold displacement (Tq = 15-20 eV) [4]. The literature is strongly lacking
systematic and parametric experimental studies of the defects induced in
graphene by non-reactive plasma with low-energy ions.

The aim of this study is to investigate the defect formation on graphene
films by low-pressure argon inductively coupled plasmas in the very low ion
energy range (< 15 eV). To do so, plasma parameters have been assessed
by Langmuir probe (LP) and mass spectrometry to determine conditions of
fixed ion fluence but different ion energy. Such conditions were obtained
by increasing the pressure while lowering the applied rf power and
adjusting the treatment time. Raman spectroscopy (RS) was then carried
out on each treated graphene sample to evaluate and identify the damage
generation.

Our results reveal two contributions on the defect generation: one
proportional with the ion energy, the other with the gas pressure. LP and
optical absorption measurements have been coupled with a collisional-
radiative model to estimate the main energetic species power fluxes (ions,
VUV photons, resonant and metastable states). It showed that the ion
contribution is the dominant one for each condition. Thus, it seems that
with lower ion energy and higher pressure, surface diffusion and
redeposition processes become preponderant resulting in a higher density
of amorphous carbon found on the graphene sheet, as evidenced by RS.
The occurrence of this amorphous matter would explain the high intensity
D/G band ratio observed, even at very low-ion energy. Preliminary results
thus suggest that, to achieve graphene doping by mild plasma treatment,
lower pressure is desirable since minimal production of amorphous carbon
is observed.

[1]: A. Dey et al., Appl. Phys. Rev. 3 (2016).

[2]: ). Kotakoski, A. V. Krasheninnikov, U. Kaiser, and J. C. Meyer, Phys. Rev.
Lett. 106 (2011).

[3]: O. Lehtinen, J. Kotakoski, A.V. Krasheninnikov, and J. Keinonen,
Nanotechnology 22 (2011).

[4]: B. Rousseau, H. Estrade-Szwarckopf, A. L. Thomann, and P. Brault, Appl.
Phys. A: Mater. Sci. Process. 77 (2003).

3:00pm PS+AS+SS-MoA-5 The Role of Plasma Species and Sample
Composition on Dense Amorphous Carbon Layer Formation and Polymer
Etching Behavior, Adam Pranda, S Gutierrez-Razo, Z Tomova, J Fourkas, G
Oehrlein, University of Maryland, College Park

Numerous polymer etching models have been previously developed to
correlate the structure or composition of the polymer to the plasma
etching behavior!. A key assumption in these models is that the polymer
structure remains homogenous as it is etched. For applications in
photoresist pattern transfer, this assumption is not valid since high-energy
ion bombardment results in the formation of a heterogeneous structure
consisting of a 2-3 nanometer thick dense amorphous carbon (DAC) layer
on the polymer surface which mediates the overall etch rate.
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In this work, we experimentally examined several key plasma and sample
parameters that impact the etching behavior for a set of model polymers
and PR193 and PR248-type photoresist. These parameters include plasma
composition, fluxes of incident species in the plasma, intensity of ion
bombardment-induced surface modifications that affect the etching
behavior, polymer chemical composition and molecular structure, along
with UV and VUV sensitivity in a plasma environment. From our
experimental work, we have found that the thickness and intensity of the
DAC layer is highly dependent on the chosen plasma parameters and the
polymer composition/molecular structure.

We compare various models of the etching behavior of a polymer based on
parameters such as the polymer chemical composition/structure and the
flux of incident species in the plasma relative to experimentally observed
relationships. Of key significance is the relationship between reactive
plasma species and the state of the DAC layer.

One of the experimental correlations we have identified is that a molecular
structure consisting of a greater ratio of carbon carbon-type bonding
results in a more optically dense DAC layer, which limits the ion flux that
reaches the bulk layer, and thus leads to a lower steady-state etch rate. In
the presence of any reactive species in the plasma, such as oxygen or
fluorocarbon, there is an additional component to the etch rate due to
chemical sputtering which results in an increase in the etch yield of the
DAC layer. Once the DAC layer is sufficiently depleted, the ion flux reaching
the bulk layer increases and thus the bulk etch rate increases as well.
Utilizing the experimental results, we seek to arrive at an etching model
that can be applied in the development of new photoresists that attain a
target steady-state etch rate.

The authors gratefully acknowledge the financial support of this work by
the National Science Foundation (NSF CMMI-1449309) and the US
Department of Energy Office of Fusion Energy Sciences (DE-SC0001939).

1. Oehrlein, G. S. et al. J. Vac. Sci. Technol. B Microelectron. Nanom.
Struct.29, 10801 (2011).

3:20pm PS+AS+SS-MoA-6 Control of lon Energy Distributions on Insulating
Surfaces, Tyler List, T Ma, V Donnelly, D Economou, University of Houston
A method for controlling ion energies on insulating substrates using pulsed
plasma is presented. A synchronous bias voltage was applied to a boundary
electrode in the afterglow of a pulsed plasma, resulting in a positive ion flux
to the insulating substrate. To avoid excessive charging of the surface, DC
square pulses were periodically applied to the chuck holding the substrate,
to attract an electron swarm to the surface and neutralize the surface
charge. Surface potential measurements were used to validate the
proposed scheme. The effect of pulse width, amplitude, and frequency on
the resulting surface potential waveform was examined. A Retarding Field
Energy Analyzer was used to measure the ion energy distribution. When
corrected for the non-uniform charge distribution prevailing when the
applied RF frequency is less than the ion sheath transit frequency, the IED
was similar to that predicted by a mathematical model of the system.
Etching of quartz discs and 1000 nm-thick SiO2 films, thermally grown on Si
wafers, was also performed. For both types of substrates, beyond an
etching threshold, the etching rate increased linearly with the square root
of chuck bias. No clear effect of the boundary electrode bias voltage on the
etching rate was observed. The behavior of etching rate as a function of the
(DC chuck bias) pulse width mirrored the dependence of surface potential
on pulse width. Work supported by NSF and DOE.

4:00pm PS+AS+SS-MoA-8 Ultra-high SisNa to SiO: Selective Etching by
Fluorocarbon Based Remote Plasma, Chen Li, University of Maryland,
College Park; T Hofmann, K Edinger, Carl Zeiss SMT GmbH; G Oehrlein,
University of Maryland, College Park
Plasma etching processes capable of highly selective SisN4 to SiO2 removal
are increasingly required in fabrication of current integrated circuit devices.
We report fluorocarbon (FC) based remote plasma etching processes for
SisNa and SiO2 substrates using inductively coupled plasma (ICP) and
electron cyclotron wave resonance (ECWR) plasma reactors. For the
remote plasma operating conditions direct ion bombardment of the
sample surface is prevented and etching is primarily due to chemical
reactions by neutral radicals. Such conditions can be realized by either high
processing pressure for a remote ICP source or a neutralization plate for an
ECWR source. Combinations of fluorocarbon gases, e.g. CF4, with O2 and N»
additives have been evaluated. Etching behavior and surface properties are
monitored using in situ ellipsometry. Optical emission spectroscopy (OES)
has been used to evaluate the plasma gas phase chemistry. We show that
ultra-high SizsN4 to SiO: etching selectivity can be achieved under remote
plasma conditions in both reactors, and that control of the feed gas
1:40 PM
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chemistry plays a key role. As is well-known, low levels of O increase
oxidation of FC gases and atomic F generation, which leads to increasing
SisNa etch rate, whereas for high O levels the F concentration is reduced
and surface oxidation takes place. For these F-rich remote plasma
conditions, SiO: is hardly etched and SisN4 to SiO: etching selectivity of 7
and 87 were observed for the ICP and ECWR system, respectively. The
observed etching behavior will be discussed using surface chemical studies
of SisN4 and SiO2 by vacuum transferred x-ray photoelectron spectroscopy
(XPS).

4:20pm PS+AS+SS-MoA-9 Effect of Temporal Variation of Discharge on
Photon-induced Interface Defects in Pulse-modulated Inductively Coupled
Plasma, Yasufumi Miyoshi, M Fukasawa, K Nagahata, Sony Semiconductor
Solutions Corporation, Japan; K Ishikawa, M Sekine, M Hori, Nagoya
University, Japan; T Tatsumi, Sony Semiconductor Solutions Corporation,
Japan

It is important to reduce photon-induced interface defects, which degrade
the performance of electric devices. Ishikawa et al. reported that using
pulse-time-modulated plasma reduces UV photon-induced defects [1]. In
this study, we investigated how temporal variation of the discharge
affected these defects in pulse-modulated Ar/CF4/O; inductively coupled
plasma (ICP).

In this study, we varied the ICP source pulse frequency (0.5-20 kHz) and
duty ratio (50-100%) as well as the gas ratio of Ar/CFa4. To investigate the
UV radiation damage, the interface-trap density (Di) was measured by
using on-wafer pallet for plasma evaluation (PAPE) [2]. We used Dy, which
is proportional to the UV fluence from discharge, as an indicator of UV
damage. Temporal changes in the optical emission spectroscopy (OES)
intensity of pulsed plasma were also investigated.

The measured Dit was lower than that in the CW at lower frequencies but
was higher at higher frequencies (> 10 KHz). Increasing the frequency
increased Dy, which reached a maximum at 10 kHz for Ar/CF4 = 1, and then
decreased Di. Using a lower CF; ratio shifted the maximum Di to a lower
frequency.

This frequency-dependent behavior comes from the transient behavior of
the pulsed ICP. Time-resolved OES revealed an optical emission overshoot
after ignition caused by the variation in the electron temperature and
number density in the early ON phase. The number of overshoots
increased with increasing frequency, increasing the UV fluence and Di.. At
higher frequencies, the variation in the electron temperature and number
density were suppressed due to stepwise ionization from residual long-
lived metastable species in the early ON phase [3]. This behavior
considerably decreased overshoot amplitude, in turn decreasing the UV
fluence and Di.. At the lower CF4 ratio, quenching of the metastable species
by CF4 decreased and the lifetime of the metastable species during the OFF
phase likely increased. Therefore, we presume that, at the lower CF4 ratio,
the overshoot amplitude began to decrease at a lower frequency than
when Ar/CFs = 1 and the maximum Di; consequently shifted to a lower
frequency.

These results show that controlling the temporal variation of a pulse-
modulated plasma is essential to reduce the photon-induced damage it
causes during plasma processes.

[1] K. Ishikawa et al., J. Appl. Phys. 104 (2008) 063306.
[2] M. Fukasawa et al., Jpn. J. Appl. Phys. 52 (2013) OSEDO1.
[3]S. K. Monfared et al., J. Phys. D: Appl. Phys. 46 (2013) 425201

4:40pm PS+AS+SS-MoA-10 Surface Mechanisms on Dielectric Surfaces
Exposed to Low Pressure Glow Discharge and Atmospheric Pressure
Plasma Jets, Olivier Guaitella, A Morillo-Candas, Ecole Polytechnique -
CNRS, France; A Sobota, Eindhoven University of Technology, The
Netherlands; E Slikboer, D Marinov, Ecole Polytechnique - CNRS, France; B
Klarenaar, R Engeln, Eindhoven University of Technology, The Netherlands;
V Guerra, Instituto Superior Tecnico, Lisbon, Portugal INVITED
New applications of Non Thermal Plasmas (NTP) at atmospheric pressure
such as biomedical applications, air treatment or CO2 recycling are growing
rapidly with the better control of these plasma sources. All these
applications rely on the effect of a transient plasma discharge with complex
surfaces such as porous catalyst or biological tissues for instance. The
interaction of plasma with surfaces is always a very challenging topic
because of the multiplicity of phenomena modifying the surface but also
because of the reverse influence of the substrate on the plasma properties.
Therefore most of the studies dedicated to plasma surface interactions are
performed with very low pressure plasmas and ideal model surfaces. No
conclusion can be drawn on surface mechanisms if the plasma in contact
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with the surface is not well characterized while being in contact with the
surface of interest.

The originality of the approach we have developed consists in the
utilization a low pressure (1-10 mbar) pulsed dc discharge for investigation
of elementary processes on the surface of real catalytic materials that are
also studied in atmospheric pressure DBDs.

The pulsed glow discharge allow us to measure the dynamic of plasma
parameters (Electric field, Gas temperature, radical densities, vibrational
excitation etc...) to give constraints to kinetics models allowing us to
distinguish between gas phase reactions and the role of elementary surface
processes such as O atoms recombination or molecule conversion on
surface. Various diagnostics have been used in the gas phase including
Doppler broadened TALIF (for O atoms density and gas temperature), or
step scan FTIR (for vibrational temperature of CO. and CO). Infrared
absorption is performed in transmission directly through catalyst pellets
exposed to the same plasma to investigate adsorbed molecules.

In parallel, other diagnostics are being developed to obtain electric field,
temperature profile and adsorbed species on surfaces exposed to
atmospheric pressure plasma sources. A kHz plasma jet configuration is
used for its reproducibility as a first model plasma source for studying
ionization wave interaction with surfaces. Surface electric field, charge
deposited and is obtained under controlled atmosphere from polarization
technique based on Pockels effect. Infrared absorption in transmission
through catalyst samples is also used under plasma jet exposure.

The use of reproducible plasma sources allowing the combination of gas
phase diagnostics and in situ surface diagnostics gives a new perspective on
the importance of surface processes even at elevated pressures.

Scanning Probe Microscopy Focus Topic
Room 10 - Session SP+2D+AS+NS+SS-MoA

Probing Electronic and Transport Properties
Moderators: Phillip First, Georgia Institute of Technology, Chuanxu Ma,
Oak Ridge National Laboratory

1:40pm SP+2D+AS+NS+SS-MoA-1 Probing Atomic and Electronic
Structures of 2D Electronic Materials and their Heterostructures, Chih-
Kang Shih, University of Texas at Dallas INVITED
The emerging atomic layer materials offer a remarkably wide range of
building blocks of nanostructures ranging from metals (e.g. graphene),
large gap insulators (BN), to semiconductors (transition metal
dichalcogenides and black phosphorous). Key advantages of these van der
Waals materials include a broad span of energy gaps, flexibility of stacking
different types of materials to form heterostructures, tunability in material
properties by doping and strain, and the relative ease of integration with
other electronic and photonic devices. This talk will be focused on the
usage of scanning tunneling microscopy and spectroscopy to probe the
atomic and electronic structure of transition metal dichalcogenides (TMDs)
and their heterostructures, including both vertical and lateral structures.

I will first introduce a comprehensive form of scanning tunneling
spectroscopy (STS) which allows us to probe not only the quasi-particle
band gaps but also the critical point energy locations and their origins in
the Brillouin Zone (BZ) can be revealed using this comprehensive form of
STS. By using this new method, we reveal the systematic trend of the
critical point energies for TMDs due to atomic orbital couplings, spin-orbital
coupling and the interlayer coupling. By using the vertically stacked
MoS2/WSe2, | will show how interlayer coupling can be used as a new
designing parameter to create a lateral 2D electronic superlattices. | will
then turn attention to MoS2/WSe2 lateral heterostructure where | will
show a novel method to probe 2D strain tensor and how the strain changes
the band profile as well as the band alignment at the interface.

2:20pm SP+2D+AS+NS+SS-MoA-3 SP-STM Study of Antiferromagnetic
CuMnAs Thin Film, Giang Nguyen, Oak Ridge National Laboratory;, P
Wadley, R Campion, K Edmonds, University of Nottingham, UK; F
Maccherozzi, S Dhesi, 3Diamond Light Source, UK; T Jungwirth, University
of Nottingham, UK; A Li, Oak Ridge National Laboratory

Antiferromagnetic (AFM) tetragonal CuMnAs thin films have attracted
great research interest recently, largely due to the capability of
manipulating and detecting of their AFM states with ordinary electric
current. Here we report a study on a CuMnAs thin film, grown epitaxially
on GaP(001) substrates, using Spin-Polarized Scanning Tunneling
Microscopy (SP-STM). An arsenic capping layer is used to protect the
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sample during transferring through the air which is able to be subsequently
removed from the surface by thermal annealing. Atomic resolution STM
topographic images of CuMnAs surface are achieved which shows an
interesting surface reconstruction. Scanning tunneling spectroscopy (STS) is
performed to explore the electronic structure of the thin film as well at the
surface step edge. SP-STM study in combination with X-ray magnetic linear
dichroism-photoelectron emission microscopic (XMLD-PEEM)
measurements provides further understanding of the antiferromagnetic
domain structure.

This research was conducted at the Center for Nanophase Materials
Sciences, which is sponsored at Oak Ridge National Laboratory by the
Scientific User Facilities Division, Office of Basic Energy Sciences, U.S.
Department of Energy.

2:40pm SP+2D+AS+NS+SS-MoA-4 Probing Spin-Dependent Chemical
Potential in Topological Insulator by Spin-Polarized Four-Probe Scanning
Tunneling Microscopy, Wonhee Ko, S Hus, Oak Ridge National Laboratory;
Y Chen, Purdue University; A Li, Oak Ridge National Laboratory

Conversion between the charge and the spin signal is a core technology for
detection of many spin-related phenomena and for the realization of
spintronic devices. Topological insulators are promising candidate for such
purpose because of their surface states with non-trivial spin texture. The
surface states electrons have the spin and the momentum locked to each
other, so the electrical current can induce the uneven shift in the spin-
dependent chemical potential for different spin directions. In this talk, we
utilized spin-polarized four-probe scanning tunneling microscopy to probe
the spin-dependent chemical potential of the topological insulators.
Utilizing ferromagnetic tips and variable probe-spacing measurements, we
detected non-vanishing spin-dependent chemical potential induced by the
charge current. Various tip and surface conditions were tested to confirm
its origin from the spin of charge carriers through the surface states. The
result demonstrates the generation of excessive spins only by electrical
means in topological insulators, which would become the critical
component for the future spintronic applications.

This research was performed at the Center for Nanophase Materials
Sciences which is a DOE Office of Science User Facility.

3:00pm SP+2D+AS+NS+SS-MoA-5 Spin-charge Transport Phenomena on
the Atomic Scale Studied by Multi-probe STM, Christoph Tegenkamp,
Leibniz Universitat Hannover, Germany INVITED
Low dimensional metallic structures, e.g. quantum wires and films on
surfaces, reveal fascinating phenomena of condensed matter physics.
Among others, 2D-superconductvity, formation of charge density waves
and topologically protected edge states were realized lately with atomic
precision and directly probed by electronic transport. Generally, the
surface science approach benefits from the fact that the low dimensional
systems can be comprehensively characterized and manipulated in view of
their atomic structure and electronic bands. This is a prerequisite to
understand electronic transport on the atomic scale.

In this talk | will introduce the technique of surface sensitive transport by
means of 4-tip STM technique and highlight some recent examples of our
group from seemingly different fields, e.g. spintronic, correlated materials
and mesoscopic physics. The talk covers spin-orbit coupling related phase
transitions in quasi 1D atomic wire structures (Au/Si(553), Pb/Si(557) [1,2])
as well as ballistic transmittance of electrons in epitaxially grown graphene
nanostructures on SiC(0001) [3-5].

[1] C. Tegenkamp, et.al. PRL 109, 266401 (2012)

[2] C. Brand, et.al., Nat. Comm. 6, 8118 (2015)

[3]1J. Baringhaus ,et.al., Nature 506, 349 (2014)

[4] ). Baringhaus et.al. Sci. Rep. (Nature) 5, 9955 (2015)

]
]
]
[5]J. Baringhaus et.al. PRL. 116, 3186602 (2016)

4:00pm SP+2D+AS+NS+SS-MoA-8 Site-specific Superconducting Atomic
Contacts Studied by Scanning Tunneling Microscopy, Yukio Hasegawa,
The Institute for Solid State Physics, The University of Tokyo, Japan INVITED
In the trend of miniaturization of devices, electrical conductance through
atomic-scale contacts is of significant importance for practical application
of atom switch and single molecular devices. Because of unknown atomic
geometry at the junction, however, the measured conductance often
fluctuates. Here in this study we have studied the conductance properties
of atomic superconducting point contact with precise control of contact
geometry to investigate atomic details of conductance channel formation
through it.
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Using a low-temperature scanning tunneling microscopy (STM), we
measured the conductance between the tip and sample surface from the
tunneling to contact regimes [1]. By precisely positioning the tip on
atomically specific sites of a sample surface such as on-top and hollow
sites, site-specific conductance evolutions were obtained. We found using a
Pb tip and Pb thin film as contact forming materials the conductance at
point contact is larger at hollow site than at on-top site. Furthermore, it is
found that the relation of the conductance measured is reversed just
before the contact formation; at 20 pm away from the contact the
conductance of the hollow site is smaller than the on-top site. These
peculiar conductance behaviors can be explained by the attractive chemical
force and subsequent conductance channel formation between the tip
apex atom and surface atoms of the thin film.

Since the measurements were performed at low temperature (1.6 K) below
the superconducting critical temperature of both materials, we obtained
the evolution of the Josephson current and subharmonic in-gap structures
due to multiple Andreev reflection (MAR) in the conductance spectra. From
the analysis of the MAR structures, the complete set of transmission
probability of conduction channels, which is often called personal
identification number (PIN) of the junction as it determines all the coherent
transport properties, was successfully extracted [2]. We found again site
dependent evolution of transmission probabilities and the number of
active conduction channels at the contact formation. We will discuss on the
mechanism of channel formations based on comparison with the results of
theoretical analysis.

References
[1] H. Kim and Y. Hasegawa, Phys Rev Lett 114, 206801 (2015)

[2] H. Kim, M. Kawamura, T. Kato, T. Ozaki, and Y. Hasegawa, in
preparation.

4:40pm SP+2D+AS+NS+SS-MoA-10 The Difference between Electron and
Hole Dopant of Magnetic Element to the Superconductivity in BaFe:As;,
Qiang Zou, L Li, A Sefat, D Parker, Z Gai, Oak Ridge National Laboratory

The effect of magnetism and spin excitation in the Fe-based
superconductors (FeSC) is crucial to understand their superconductivity.
Both electron-(Ni) and hole-(Cr) dopant of magnetic elements could lead to
suppression of the magnetic/structural phase transition in BaFezAs,.
However, the Cr doped BaFezAs; doesn’t show the superconductivity. Using
scanning tunneling microscopy/spectroscopy, here, we compared the
electronic properties of BaFez-xNixAs, and BaFe:-xCrxAs, at various
temperatures. Our results will shed the light on the microscopic
understanding of relation between the superconductivity and magnetism in
the FeSC. This research was conducted at the Center for Nanophase
Materials Sciences, which is a DOE Office of Science User Facility.

5:00pm SP+2D+AS+NS+SS-MoA-11 Rapid Measurement of I-V Curves in
Scanning Probe Microscopy via Bayesian Inference, S Somnath, K Law, R
Archibald, S Kalinin, S Jesse, Rama Vasudevan, Oak Ridge National
Laboratory

Current-voltage (V) curve acquisition is the oldest and most common
spectroscopic method implemented on virtually every scanning probe
microscope (SPM) available. Though in use for three decades, the basic
measurement has not altered substantially in this time-frame, with the
current being detected during DC pulses applied to the SPM tip. Such
measurements include both a delay time after each DC voltage change (to
reduce parasitic capacitance influence), as well as a an integration time, to
reduce noise, limiting typical measurements to a few Hz at most. Here, we
introduce a new method for IV curve acquisition, based on an AC-excitation
of the SPM tip, in combination with full information acquisition from the
current amplifier and Bayesian inference. IV curves are acquired on a
model ferroelectric system, at rates ~500x faster than the current state of
the art, with higher spatial and spectral resolution. The obtained results
offer a complementary channel of information to supplement existing
piezoresponse force microscopy studies, allowing to probe disorder at the
nanoscale. Bayesian inference further allows quantification of the
capacitance contribution, which can be utilized to estimate the dielectric
constant of the ferroelectric, with results agreeing with reported values.
These studies highlight the utility of both complete information acquisition,
and Bayesian inference, in dramatically increasing the acquisition rates of
data from SPM.

This research was sponsored by the Division of Materials Sciences and
Engineering, BES, DOE (RKV, SVK, SS). This research was conducted and
partially supported (SJ) at the Center for Nanophase Materials Sciences,
which is a US DOE Office of Science User Facility. Bayesian inference
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portion was sponsored by the Applied Mathematics Division of ASCR, DOE;
in particular under the ACUMEN project (KJHL, RA).

Surface Science Division
Room 25 - Session SS+AS+HC-MoA

Surface Science for Energy and the Environment
Moderators: Steven Bernasek, Yale-National University of Singapore, Bruce
Koel, Princeton University

2:20pm SS+AS+HC-MoA-3 Photochemistry of CO, Acetone and O: on
Reduced Rutile TiO2(110), Greg Kimmel, N Petrik, M Henderson, Pacific
Northwest National Laboratory INVITED
TiO2 is an important photocatalyst with many practical applications.
However, a fundamental understanding of the thermal and non-thermal
reactions on TiO; surfaces is still lacking. We use ultrahigh vacuum (UHV)
surface science techniques to investigate in detail representative reactions
on single crystal rutile TiO2(110). For this talk, | will focus on the ultraviolet
(UV) photon-stimulated reactions of CO, acetone and oxygen adsorbed on
TiO2(110). For CO co-adsorbed with O, CO; is produced during UV
irradiation. The CO: preferentially desorbs in the plane perpendicular to
the bridge-bonded oxygen (BBO) rows at an angle of 45°. Furthermore, the
production rate of CO; is zero when the UV irradiation starts and reaches a
maximum value at intermediate times before decaying at longer times. The
results demonstrate that the photooxidation of CO is a multi-step reaction
that proceeds through a metastable intermediate state that is oriented
perpendicular to the BBO rows. This state is consistent with an 0-O-C-O
state found via density functional theory. For acetone co-adsorbed with
oxygen, previous research suggests that a thermal reaction between
acetone and adsorbed oxygen to form an acetone diolate precedes the
photochemistry. During UV irradiation, a methyl radical is ejected leaving
acetate on the surface. Using infrared reflection absorption spectroscopy
(IRAS), we have identified the acetone diolate. We have also measured the
angular distribution of the photodesorbing methyl radicals. Consistent with
its ejection from acetone diolate, we observe a peak in the distribution at
~45° in the plane perpendicular to the BBO rows. However, a second
photodesorption peak normal to the surface indicates that a second,
previously unidentified, reaction channel is available. We attribute this
second channel to the photo-induced formation of an enolate
intermediate. When only O; is adsorbed on TiO2(110), its photochemistry
depends on the coverage. For small coverages, only ~14% desorbs while
the rest either dissociates during UV irradiation, or remains molecularly
adsorbed on the surface. For the maximum coverage of chemisorbed
oxygen, the fraction of O, that photodesorbs is ~45%. While photo-
generated holes are responsible for the O: photodesorption, photo-
generated electrons are responsible for the photo-induced O: dissociation.
In general, these studies provide new insights into mechanisms responsible
for the photochemistry of small molecules on TiO».

3:00pm SS+AS+HC-MoA-5 The Role of Band Alignment in Ketone
Photooxidation on TiO2(110), Amanda Muraca, Stony Brook University; M
White, Brookhaven National Lab and Stony Brook University

Organic photooxidation processes on the TiO2(110) surface often show
enhanced photoproduct yields in the presence of oxygen. For a series of
simple ketones, it has widely been established that the photoactive surface
species is a ketone-oxygen complex (n2-ketone diolate) formed by
interaction with O-adatoms, whereas the ni-bound ketone is mostly photo-
inactive.! The question remains, however, why the ketone-oxygen
complexes are more photoactive than the adsorbed ketone alone. One
possible explanation is that the diolate species have higher densities of
molecular states near the valence band maximum (VBM) of TiO,, where
resonant electron transfer to thermalized holes is expected to occur. To
test this hypothesis, a series of methyl photoyield measurements, with and
without co-adsorbed oxygen, were compared for a number of substituted
ketone molecules (R(CH3)CO; R = H, methyl, ethyl, butyl, propyl, phenyl,
and trifluoromethyl) with varying ionization potentials (IPs).
Experimentally, we observe a near linear correlation between the methyl
photoproduct enhancement yields (diolate vs ketone) and the IPs of the
bare ketone. These results suggest that as the ketone IP moves to higher
energies, its hybridized orbitals move further (deeper) from the VBM and
thereby exhibit a larger photoproduct enhancement when forming the
ketone-diolate. This explanation points to orbital band alignment as the key
factor determining ketone photoxidation activity, but this conclusion is
largely based on the gas-phase properties and well established ideas of
substituent effects. To gain more insight on our experimental results, we
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are currently using electronic structure calculations, both cluster models
and periodic DFT, that could potentially provide more detail on band
alignments for these molecules bound on the TiO(110) surface.

1. M. A. Henderson, N. A. Deskins, R. T. Zehr, M. Dupuis, J. Catal.2011, 279,
205; N. G. Petrik, M. A. Henderson, G. A. Kimmel, J. Phys. Chem. C 2015,
119,12262.

3:20pm SS+AS+HC-MoA-6 Storing Gases in Nanoporous Metal organic
Frameworks Materials with a Surface Barrier Layer, Kui Tan, the
University of Texas at Dallas; S Jensen, S Zuluaga, Wake Forest University,; E
Fuentes, E Mattson, J Veyan, University of Texas at Dallas;, H Wang, J Li,
Rutgers University;, T Thonhauser, Wake Forest University; Y Chabal,
University of Texas at Dallas

Enhancing gas adsorption in porous materials such as metal organic
frameworks (MOFs) is critical to many technologies such as energy storage
and gas capture and separation. In contrast to the previous efforts focusing
on chemically modifying the entire MOFs structure to increase the affinity
to gas molecules, in our recent work [Nature Communications, 2016, 7,
13871], we demonstrated an entirely new approach to trap small
molecules by depositing a layer of ethylenediamine (EDA) on the external
surface without penetrating inside the bulk of crystals in the gas loading
process, and forms a monolayer cap that can effectively trap weakly
adsorbed molecules (CO, CO2, SOz, C2Ha, NO) or prevent their penetration.
A combination of surface sensitive techniques in-situ infrared spectroscopy,
X-ray photoelectron spectroscopy with gas cluster sputtering, low energy
ion spectroscopy, and ab initio calculations demonstrate that the EDA layer
is less than 1nm thick and arranges in a manner that increases CO diffusion
barrier by ~24 times. Motivated by this finding, we further explore other
capping media to store molecules inside MOFs. The latest experimental
results suggest at least two ways: one is the deposition of a thin layer of
aluminum oxide exclusively onto the external surface of certain MOFs with
a narrower pore size (< 1.2 nm) by using common atomic layer disposition
(ALD) precursor trimethylaluminum (TMA). Aluminum oxide is not able to
grow inside MOFs since the reactivity of TMA with adsorbed H:0 is
significantly reduced due to nano-confinement effects; another convenient
way is post-exposure of gas-loaded MOF-74 to NHs. NHsis preferentially
adsorbed on the outer layer of MOFs crystals during the controlled
exposure time (<10 min), as a result of which, the diffusion barrier of small
gas molecules such as CO, CO;, SO: in NHs; decorated MOFs channels
dramatically increases by the hydrogen bonding interaction. The ability to
create surface barrier layers on MOFs external surfaces constitutes a new
paradigm for trapping small gas molecules within nanoporous materials in
general, and in MOFs in particular.

4:00pm SS+AS+HC-MoA-8 Active Species and Structures of Modified
Oxide Catalysts for the Oxygen Evolution Reaction (OER), Z Chen,
Princeton University;, L Cai, Xi’an Jiaotong University, China; Bruce Koel,
Princeton University

Transition metal oxides (TMOs) are promising catalysts for oxygen
evolution with the potential to replace precious metal-based catalysts (e.g.
IrOx and RuOy). Significant improvements to the OER activity of TMOs have
been made by tailoring the morphology and crystal structure of the
catalysts, incorporating dopants, as well as using conductive supports.
However, clear structure-activity correlations remain elusive because of
the complex composition and structure of TMO catalysts. In this
contribution, we utilizing a range of spectroscopic techniques for
characterization of Ce-modified copper oxide (CuOx) and Ni-modified cobalt
(oxy)hydroxides to reveal the OER active species and structures of these
catalysts. In the case of Ce-modified CuOy, Ce incorporation (6.9 at%) into
CuOx led to 3.3 times greater OER activity compared to pure CuOx and this
is coincident with significant structural changes due to an increasing
amount of disorder. By combining X-ray photoelectron and Raman
spectroscopy techniques, a strong correlation between OER performance
with tetravalent Ce (Ce*) ions was observed up to a concentration
corresponding to CeO: phase segregation. We propose a strong promoting
effect of Ce** for OER in this system. In the case of Ni-modified CoO«Hy,
operando Raman spectroscopy was used to reveal a drastic transformation
of a spinel Co-30s-like structure into a more active (oxy)hydroxide structure
under applied potential. Such a transformation was only observed in the
presence of uniformly distributed Ni ions. These two examples, i.e. the
promoting effect of Ce* and the formation of active OER structures in Ni-
modified CoOxHy, reveal the importance of chemical state and local
structure considerations for the rational design of OER oxide-based OER
catalysts.
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4:40pm SS+AS+HC-MoA-10 Cactus Based-Mucilage as an Alternative
Natural Dispersant for Oil Spill Applications, Fei Guo, D Steebins, S
Thomas, R Toomey, N Alcantar, University of South Florida

Functional surfactants from natural materials have the advantage of being
biodegradable and can be obtained through sustainable agriculture. The
functional natural surfactants was extracted from the Opuntia ficus indica
cactus plant. The properties of the cactus plant-based mucilage were
studied on the surface tension change, droplet size, and stability of Oil in
Water (O/W) emulsions, toxicity, and dispersion effectiveness. Surface
tension test was used to quantify the variation of surface tension of the
Oil/Water (O/W) emulsion with the application of cactus mucilage and
conventional dispersants (COREXIT 9500). The factors and the levels of
each factor were as follows: DOR (mg/mg) (control, 1:200, 1:100, 1:50, and
1:20), Volume ratio of oil (3 and 6% v/v). It is observed that the application
of NE reduced the surface tensions of the O/W emulsions. It also can be
seen that the surface tensions of the O/W emulsion displayed a distinction
among the different DORs at a lower volume ratio of oil. The results of the
dispersion obtained using mucilage extracts were compared with using
COREXIT 9500. The surface tensions of emulsions with cactus mucilage
were similar as that with COREXIT 9500. The average droplet size in the
systems with cactus mucilage were smaller when compared with the
systems using the COREXIT 9500. Smaller droplet size implies higher
emulsion stability, and may improve the biodegradation of oil. The baffled
flask test was conducted to determine the influence of three
environmental factors with cactus mucilage on oil dispersion. The
percentage effectiveness of the dispersion was the response variable for
this experiment. The factors and the levels of each factor were as follows:
DOR (mg/mg) (control, 1:200, 1:100, 1:75, 1:50, 1:35, and 1:20), salinity of
the synthetic seawater (10 and 35 PSU), and mixing speed (150, 200, and
250 rpm). The results showed that the dispersion effectiveness increased
as DOR increased. There was also a good distinction among the different
DORs. The increasing of the amount of cactus mucilage caused a reduction
of the interfacial tension of O/W emulsion which made it easier to form the
oil droplets. The cactus mucilage performed better at a lower salinity. The
toxicity of the mucilage and COREXIT 9500 were evaluated by a standard
EPA toxicity test using Daphnia magna colonies exposed to NE mucilage
extract in concentrations ranging from 0 to 2000 mg/L for 48 hours. It has
shown that mucilage can be classified as practically non-toxic to the
Daphnia magna colonies with a LCso above 500 mg/L, while the LCso of
COREXIT 9500 was below 2 mg/L, which is moderately toxic to the Daphnia
magna colonies.

5:00pm SS+AS+HC-MoA-11 The Effect of Humidity on Chemical
Interactions at Hybrid Interfaces: An In Situ Investigation of
Polymer/Metal Oxide Bonds, Sven Pletincx, Vrije Universiteit Brussel,
Belgium; L Trotochaud, Lawrence Berkeley National Laboratory; L Fockaert,
TU Delft, Netherlands; A Head, O Karslioglu, Lawrence Berkeley National
Laboratory; A Mol, TU Delft, Netherlands;, H Bluhm, Lawrence Berkeley
National Laboratory;, H Terryn, T Hauffman, Vrije Universiteit Brussel,
Belgium

Probing interactions at the interface of polymer coatings and passivated
metal oxide surfaces under humid conditions has the potential to reveal
the local chemical environment at solid/solid interfaces under real-world,
technologically relevant conditions. Common surface sensitive analysis
techniques only operate under vacuum conditions, making it impossible to
probe environmental effects in situ. Stability of formed bonds in aqueous
environments between carboxylic acid functional groups of a polymer and
a hydroxide surface of aluminum oxide has a great relevance to a broad
range of applications. Although this region is very important for
understanding adhesion of the polymer coating, it is very challenging to get
useful information directly from the solid/solid interface, let alone
characterize the effect of water on the formed chemical bonds.

Recent developments in the field of ambient-pressure photoelectron
spectroscopy (APXPS) make it possible to set up a novel approach with
respect to interface studies. [1] This is done by making the polymer layer
sufficiently thin to access the interface with this surface analysis technique.
A broad range of relative humidity can be simulated in the analysis
chamber, to unravel interfacial chemistry changes of the hybrid system in
situ. Here, we show that APXPS with a conventional X-ray source can be
used to study the effects of water exposure on the interaction of acrylic
coatings with aluminum oxide. [2]

Complementary in situ ATR-FTIR Kretschmann experiments on a similar
model system are conducted. An Al layer is sputtered on an IR transparent
crystal, the IR signal at the interface is amplified because of the
Kretschmann effect and a near-interface spectrum of the oxide/polymer
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surface is obtained. This way, we have direct access to the interface, and
the influence of an above-the-polymer electrolyte (i.e. H20) can be probed.
An integrated setup of ATR-FTIR Kretschmann and Odd Random Phase
multisine Electrochemical Impedance Spectroscopy (ORP-EIS) allows to
probe the transport of water (and other ions) through the polymer towards
the interface. The subsequent interface processes can be followed with
infrared spectroscopy while simultaneously the protective properties of the
overall hybrid system are studied by ORP-EIS. [3]

[1] D. F. Ogletree, H. Bluhm, E. D. Hebenstreit, and M. Salmeron. Nucl.
Instruments Methods Phys. Res. Sect. A Accel. Spectrometers, Detect. Assoc.
Equip., 601, 1-2, 151-160, 2009.

[2] S. Pletincx, L. Trotochaud, L. Fockaert, J.M.C Mol, A. Head, O. Karslioglu,
H. Bluhm, H. Terryn, T. Hauffman. Sci. Rep.7 (45123), 2017.

[3] M. Ohman and D. Persson, Surf. Interface Anal., 44, 2, 133-143, 2012.

Thin Films Division
Room 20 - Session TF-MoA

Emerging Applications for ALD
Moderators: Mark Losego, Georgia Institute of Technology, Virginia
Wheeler, U.S. Naval Research Laboratory

1:40pm TF-MoA-1 Probe the Reaction Chemistry during Atomic Layer
Deposition onto CHsNHsPbls, Qing Peng, X Yu, University of Alabama

The rapid development of organic-inorganic hybrid halide perovskites,
represented by CHsNHsPbls, based solar cells is one of the major scientific
breakthroughs of recent years. It is superior optoelectronic properties
inspired applications beyond solar cells, including LEDs, transistors, and
sensors. Thin metal oxide coatings are promising electron extraction layer,
moisture barrier, electron injection layer, electron blocking layer, and high-
k dielectrics for semiconducting CHsNHsPbls. Atomic layer deposition (ALD)
is a promising method to directly put these metal oxides onto CHsNHsPbls.
The pure heterogeneous reaction mechanisms provide ALD the capability
to deliver conformal films on substrates of complex morphology with sub-
nanometer control of the composition and thickness of the film. On the
other hand, the heterogeneous-reaction-driven film growth mode in ALD
process demands a molecular level understanding of the heterogeneous
reaction chemistry. In this presentation, we will show the surface reaction
mechanisms of ALD oxide on CH3NH3Pblz by using a suite of in-situ and ex-
situ analytic methods. Our results show that the heterogeneous reaction
chemistries of ALD during the nucleation stage of ALD oxide on CH3sNH3PbX3
is complex. Based on these fundamental understandings, we will further
show that one can control the formation of the oxide layer by ALD through
the careful control of the ALD chemistry and process conditions.

2:00pm TF-MoA-2 Digital Doping of ALD Nb:VO: Thin Films for
Thermochromic Applications, Alexander Kozen, M Currie, B Downey, C
Eddy, Jr., V Wheeler, U.S. Naval Research Laboratory

Vanadium Dioxide (VO) is a thermochromic material that undergoes a first
order crystalline phase transition at a critical temperature (T¢) of 68°C. This
structural phase transition is accompanied by major changes in electrical
and optical properties, particularly in the infrared. As such, VO is suitable
for many applications including microbolometers, adaptive thermal
coatings, and passive spacecraft thermal shielding.

While the T. of VO, is appropriate for many current applications, it is
desirable to modify the T. to other values for improved performance of
current applications or to address new emerging application needs. The T
of VO, has been shifted by doping with other transition metals on the order
of 1-5%.[1], [2], however these doped VO: films were deposited by PLD,
MBE, and sputtering, all line of sight physical vapor deposition techniques.

We demonstrate digital doping of ALD Nb:VO: by incorporation of ALD
Nb,Os (TBTDEN + Os) into the conventional ALD VO. process (TEMAV + Os).
Inclusion of Nb into the ALD VO: process in amounts between 1% and 5%
makes minimal impact on as-deposited film morphology. After annealing,
the Nb:VO: films also exhibit minimal physical changes from their undoped
analogues. We find that Nb doping can lower the T. of the VO films by -
13.5°C/Nb% while maintaining acceptable optical modulation behavior,
critical for use of doped VO: in emerging applications.

[1] W. Burkhardt, T. Christmann, B. K. Meyer, and W. Niessner, “W-and F-

doped VO 2 films studied by photoelectron spectrometry,” Thin Solid Films,

vol. 345, no. 2, pp. 229-235, 1999.

[2] X. Wu, Z. Wu, C. Ji, H. Zhang, Y. Su, Z. Huang, J. Gou, X. Wei, J. Wang,

and Y. Jiang, “THz Transmittance and Electrical Properties Tuning across
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IMT in Vanadium Dioxide Films by Al Doping,” ACS Appl. Mater. Interfaces,
vol. 8, no. 18, pp. 11842-11850, May 2016.

2:20pm TF-MoA-3 Mechanisms in Organic and Hybrid Organic-Inorganic
Molecular Layer Deposition, David Bergsman*?, S Bent, Stanford University
Molecular layer deposition (MLD) has seen increased interest in recent
years for the deposition of organic and hybrid organic-inorganic ultrathin
films. This vapor-phase, layer-by-layer technique, which relies on the same
self-limiting precursor saturation as atomic layer deposition, has shown
promise for the development of many applications that require conformal
organic-containing coatings, such as in photoresists, porous catalysts, and
metal organic frameworks. Despite recent developments in MLD, there is a
significant gap in our understanding of the mechanisms behind MLD and
the microscopic properties of MLD-grown films, such as their molecular-
level structure or degradation mechanisms. In this presentation, we will
present results of our recent studies to understand such mechanisms, and
discuss how that understanding can be used to better control the thermal,
mechanical, electrical, and catalytic properties of these materials.

First, we discuss our exploration of the growth behavior of organic MLD
films by examining trends in film properties as a function of backbone
flexibility [1]. Our results suggest that changes in growth rate between the
most rigid and most flexible backbones (4 A/cycle vs 1 A/cycle) are not
caused by differences in length of molecular precursors, chain orientation
(~25° on average for each backbone), or film density (1.0 — 1.2 g/cm?3), but
are instead caused by an increased frequency of terminations in the more
flexible chemistries. Because of the physisorption of precursors, which
reintroduce reactive sites, these terminations do not lead a complete
cessation of film growth. We further elaborate on the structure of the films
by examining crystal orientation and infrared absorption data, which
suggest that films consist of a mixture of upward growing chains and
horizontally aligned layers of paracrystalline polymer segments.

Second, we discuss manganese/ethylene glycol hybrid films, which have
promise as nanostructured, earth-abundant catalysts for electrochemical
water splitting. Time-dependent ellipsometry, infrared absorption, and x-
ray photoelectron spectroscopy data indicate that the organic component
of the films is unstable in air, as seen in other hybrid MLD materials. The
degradation pathway will be discussed, based on the observation that the
organic linkers primarily degrade into carboxylate ions. Thermal annealing
and chemical treatments, such as exposure to oxygen and water, are
further shown to affect this degradation and can be used to control the
formation of nanoporous, catalytically active catalysts for the oxygen
reduction reaction.

1. D. S. Bergsman, et. al., Chem. Mater, 2017, 29, 1192

2:40pm TF-MoA-4 Inorganic Modification of Cellulosic Fibers for Enhanced
Oil Sorption Capacity, Andrew Short, S Pamidi, Z Bloomberg, M Losego,
Georgia Institute of Technology

A few atomic layer deposition (ALD) cycles of metal oxides onto cellulosic
fibers is known to modify the fiber’s surface energy and make the fiber
hydrophobic. In this research we use the trimethylaluminum-water
chemistry to make cellulosic fibers highly hydrophobic (WCA ~160°) and
oleophilic, transforming natural cotton into an ideal material for oil spill
remediation. The ALD-treated cellulose floats on water for over 12 months
and readily sorbs oil, whereas untreated cellulose preferentially sorbs
water over oil (Figures 1 and 2). ALD-treated cellulose has a significantly
higher oil sorption capacity (e.g., 20 g g* vs. 0.11 g g) than raw cotton
across a range of experimental conditions approximating those
encountered in real-world oil spill remediation efforts (Figure 3). While
studies in the literature report ultra-high oil sorption capacities (~200 g g?),
this study finds that reporting oil sorption capacity in terms of g g can be
misleading, and recommends this measure be reported in tandem with the
material’s volumetric oil sorption capacity (g cm=3) because of its greater
relevance to use-case effectiveness. The comparison of g g* and g cm oil
sorption capacities given in Table 1 demonstrate that the sorbent produced
here is comparable to some of the best reports in the literature. This talk
will detail how the oil sorption capacity of these new materials change with
differing real-world conditions and explain the efficacy of Al,Os ALD applied
to cellulosic fibers as a scalable, cost-effective method for creating
biodegradable, on-demand materials for oil spill remediation.

! National Student Award Finalist
2 TFD James Harper Award Finalist
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3:20pm TF-MoA-6 Atomic Layer Deposition of Nano-Coatings on Fabrics
for Antibacterial Applications, Renee Puvvada, M Bellavia, T Sulchek, M
Losego, Georgia Institute of Technology

About 1.7 million Americans contract hospital-acquired infections every
year resulting in 99,000 inadvertent deaths and an estimated $20 billion in
healthcare costs. Here, we investigate the use of atomic layer deposition
(ALD) to treat various fabrics (e.g., polyester, cotton, and blends) with
antimicrobial inorganic materials to create unique antibacterial linens,
scrubs, and hospital gowns. Our protocols include biological testing of the
antibiotic performance of ALD-treated fabrics against DH5-a, a strain of E.
coli that is engineered to be suitable for laboratory purposes. Antibacterial
performance is tracked as a function of ALD cycle number at various
deposition temperatures. Fabrics were exposed to E. coli and then
incubated for 20 hours, after which cultures are serially diluted up to 7
times, spotted onto Petri dishes, and incubated for another 20 hours.
Colony counting is then used to quantify antibiotic effectiveness.

For ZnO ALD coatings of 0, 1, 10, and 100 cycles, we find that only the 100
cycle sample is sufficiently cytotoxic to kill all of the E. colibacteria.
Interestingly, for only a few cycles of ZnO (1, 3, and 10 cycles) the bacteria
appears to grow more rapidly. We attribute this increased bacterial growth
rate to the Zn?* ions acting as a nutrient for the bacteria. It is known that in
order to be an effective antimicrobial agent, ZnO must be “nano-sized” or
larger; atomic forms of Zn and ZnO, which ionize into Zn?" in nutrient broth,
act instead as nutrients. A more detailed investigation of this transition
from nutrient to antimicrobial will be discussed during this talk. We will
also examine the effectiveness of other oxide materials including TiO2 and
ZrO; as well as compare the long-term performance of ZnO against
common disinfectants like Lysol® and their stability in aqueous
environments of varying pH.

4:00pm TF-MoA-8 ALD-based Functionalization of Biomaterials: Recent
Developments and Future Challenges, Christos Takoudis, University of
Illinois at Chicago INVITED
Biomaterials are engineered to interact with biological systems for
therapeutic and diagnostic clinical applications. Biomaterials can be
synthesized in a lab or can directly be obtained from natural resources, and
they constitute whole or part of a biomedical device or a living structure
that can be utilized to execute, improve, enhance or restore a natural
function. The surface of a biomaterial controls the interactions occurring at
the interface between the biomaterial surface and its surrounding living
environment. Hence, successful performance of a biomaterial relies on its
appropriate surface properties. Many biomaterials do not have appropriate
surface functions and properties to cater to specific needs and applications.
Therefore, surface modification and functionalization leading to
significantly improved performance of biomaterials would be highly
desirable and sought after.

In modern surface science and engineering, bio-nanotechnology is a potent
tool to functionalize surfaces incorporating nanometer size thin films and
nano-structural features into materials. Among the available deposition
techniques, atomic layer deposition (ALD) offers unique advantages in
yielding conformal thin films of metal oxides or metals (from a few A to
hundreds of nm thick), uniformly, with precise control at atomic or
molecular level; in this manner, the performance and functionality of
functionalized biomaterials could be selectively altered, optimized and
controlled as needed.

ALD is a relatively new technique for optimizing materials in bio-
nanotechnology. Here, after a brief review of the more widely used modes
of ALD, ALD’s potential in bio-nanotechnology is presented with a few of its
latest developments in biotechnology. ALD is promising means in tuning
the hydrophilicity/hydrophobicity characteristics of biomedical surfaces,
forming conformal ultra-thin coatings with desirable properties on high
aspect ratio biomedical substrates, tuning the anti-bacterial properties of
substrates surfaces of interest, and yielding multifunctional biomaterials
for medical implants and other devices.

Recent developments on ALD at low (room or near room) temperature to
functionalize the surface of heat-sensitive biomaterials with complex
nanostructures are presented and discussed. Surface characterizations are
done to investigate the morphology, chemical composition, crystallinity
and wetting behavior of ALD-nanofilm coated biomaterial surfaces. The
bioactivity of ALD TiO2-coated surfaces, for example, is presented using in-
vitro and in-vivo biocompatibility and biomineralization studies. Future
challenges of ALD-based functionalization of biomaterials will be discussed.
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4:40pm TF-MoA-10 Titanium Nitride ALD using Ultra-high Purity
Hydrazine at Low Temperature, Dan Alvarez, J Spiegelman, R Holmes, S
Allanson, RASIRC; A Kummel, S Wolf, M Kavrik, University of California, San
Diego, K Andachi, RASIRC

Overview

New channel materials such as SiGe, Ge and InGaAs create challenging
thermal budgets (<400°C) for metal nitride deposition. TiNx metal gate
electrodes in particular need new low temperature ALD methods.

Hydrazine has shown viable reactivity in previous studies but practical use
has been limited due to purity concerns, especially water contamination [1-
3]. Commercially available anhydrous hydrazine typically has a water
concentration ranging from 0.2-2.0%. In addition to this low purity issue,
oxygen concentration in metal-nitride films made using hydrazine is a high
4-15% for SiNx and TiNx.

Previous reports detail the safe delivery of gaseous hydrazine using a
solvent-based formulation and membrane delivery system [4]. This
presentation details studies on water measurement and removal, plus low
resistivity films resulting from hydrazine-based low temperature TiNx ALD.

Hydrazine Purification, Measurement

Studies show that water contamination levels can be reduced to <50 parts-
per-million (ppm) using new hydrazine source purification methods as
measured by Karl-Fischer and GC-MS methods. Gas phase output of the
ultra-dry materials was measured below the FT-IR moisture measurement
method lower detection limit of 0.83ppm (Figure 1). Standard commercially
available hydrazine has a comparatively high gas phase moisture
measurement of 31ppm.

Titanium Nitride Deposition

Sequential pulsing of TiCl4 and N2H4 precursors at substrate temperatures
of 275°C-350°C achieved atomic layer deposition TiNx. Initial measured
resistivity at 350°C was a low Raverage = 130 ohm, Rsheet = 50 ohm. Growth
rate is approximately 0.5A per cycle. Films were characterized by XPS
(Figure 2), AFM, KPFM, TEM and four-point sheet resistance. Little to no
oxygen was present in the TiNx film, which had a near stoichiometric ratio
of Ti/N. The presentation will include additional optimization to reduce
residual chlorine content at lower temperatures. In addition, a correlation
with regards to residual Chlorine content/Resistivity versus deposition
temperature will be discussed.

References

[1] S. Wolf, M. Edmonds, T. Kent, D. Alvarez, R. Droopad A. C. Kummel, AVS
(2015) EM+NS+PS-MoA7.

[2] K. Bernal-Ramos, T. Chen, R. Kanjolia, Y. J. Chabal, AVS ALD (2014).

[3] B. Burton, S. Kang, S. Rhee, S. George, J. Electrochem. Soc. 155(7) (2008)
D508-D516.

[4] D. Alvarez Jr, J. Spiegelman, E. Heinlein, R. Holmes, C. Ramos, M. Leo,
Sean Webb, ECS Trans. 72(4), (2016), 243-248.

5:00pm TF-MoA-11 ALD Barriers for Protection of Electronic Devices in
Biological Environment, Ankit Singh, K Adstedt, S Graham, Georgia
Institute of Technology

Encapsulation plays a significant role in the protection and lifetime
enhancement of electronic devices. Devices like OPVs, OLEDs, biological
implants, and thin film solar cells are susceptible to rapid degradation on
exposure to the surrounding media containing moisture and ionic species.
Encapsulation barriers hermetically seal the devices and thus, prevent the
ingress of moisture or any other fluid that can affect the function and
stability of the devices. It involves use of inorganic barrier layers deposited
using vacuum deposition processes. Out of several vacuum deposition
techniques used for this purpose, atomic layer deposition (ALD) has shown
an outstanding performance by producing films which have water vapor
transmission rate less than 10* g/m?/day. However, the performance and
reliability of ALD barrier films is subject to their stability and resistance to
corrosion in the surrounding environment.

Recently, miniaturized medical devices have gained popularity because of
their new treatment and monitoring capabilities, ease of application and
enhanced portability. These devices include artificial pacemakers, cochlear
implants, artificial heart valves, etc. These devices are exposed to different
bodily fluids that have varying pH and salt concentrations. Any electronic
device cannot be expected to last for long enough time to be used as an
implant with any protective covering. Thus, it becomes imperative to look
for a robust solution.
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In this work, we explore the use of different metal oxides deposited using
ALD at 100°C in biological environment. The materials include Al,O-3, HfO,,
TiO2 and ZrO2. Chemical stability of the ALD films is determined by using
electrochemical impedance spectroscopy (EIS) whereas, biocompatibility of
the ALD films is determined using MTT cell proliferation assay
measurements. For chemical stability test using EIS, a 3 electrode setup
was used to understand the mechanism of material degradation. The ALD
deposited materials were exposed to phosphate buffer saline (PBS)
solution, simulated sweat and saliva, and Dulbecco's Modified Eagle
Medium (DMEM) for 21 days. Besides ALD Al,Os, other metal oxides have
demonstrated enhanced corrosion resistance and stability in different
solutions. ALD HfO2 has better stability as compared to ALD Al,Os but tends
to develop crack with long exposure time. However, ALD TiO2 and ZrO:
were found to be most stable in all the biological solutions used for testing.
All the ALD materials used during the test have been found to be
biocompatible using MTT cell proliferation test. Finally, we demonstrate
the application of these ALD materials for protection of active implantable
devices.

Tandem MS Focus Topic
Room 5 & 6 - Session TM-MoA

Applications in Mass Spectrometry Imaging using Tandem

MS
Moderators: Gregory L. Fisher, Physical Electronics, Alexander Pirkl, ION-
TOF GmbH, Germany

2:40pm TM-MoA-4 Utilization of Complementary Multimodal Techniques
for in situ Identification of Soybean Root Nodule Metabolites, S Stopka,
The George Washington University, D Velickovi¢, Pacific Northwest
National Laboratory; B Agtuca, University of Missouri; D Koppenaal, L Pasa-
Toli¢, Pacific Northwest National Laboratory;, G Stacey, University of
Missouri; A Vertes, The George Washington University, Christopher R.
Anderton, Pacific Northwest National Laboratory

In an effort to attain more sustainable agricultural practices, there is a
great interest in understanding metabolic processes within plant systems
known to acquire nitrogen through biological nitrogen fixation. The
symbiotic association between nitrogen-fixing soil bacteria (Rhizobiaceae)
and plants of the family Leguminosae are one such system of interest. This
symbiosis generates specialized organs, called root nodules, where rhizobia
reduce N; into bioavailable products accessible to the host plant, and in
exchange the plant provides a carbon source to the bacteria to ensure
(among other things) sufficient energy for nitrogen fixation. Using both
laser ablation electrospray ionization (LAESI) and matrix-assisted laser
desorption/ionization (MALDI) mass spectrometry (MS) methods, we
explored the array of metabolites involved, and their spatial distribution,
that influence the rhizobia-legume association of Bradyrhizobium
Jjaponicum and soybean (Glycine max Williams 82). While these MS-based
spatial metabolomics approaches provided insight into the heterogeneous
distribution of analytes within soybean root nodules, orthogonal
measurements were required for increased levels of confidence in the
molecular identifications of the detected species. Here, we will describe
how tandem MS, pre-mass analysis ion mobility separations, and high mass
resolution and mass accuracy measurements of the isotopic envelope were
utilized to provide confidence in the identity and localization of metabolites
within soybean root nodules. We further applied this information to
elucidate active metabolic pathways within different compartments of the
nodules.

3:00pm TM-MoA-5 Coupling Front-end Electron Transfer Dissociation to
Ultra-High Field FTICR-MS, Chad Weisbrod, D Smith, L Anderson, L He, A
Marshall, C Hendrickson, The National High Magnetic Field Laboratory

INVITED
Tandem MS is an indispensable tool of the mass spectrometrist. It enables
structural elucidation and aides in unambiguous identification of precursor
ions. Many means of performing tandem MS exist and can largely be
categorized into three distinct groups: collision-, electron-, and photon-
based. Each group has its own set of analytical merits and must be
considered carefully when choosing which will best suit the analytical
demand. Further, tandem MS can occur in-space or in-time which are
unique to specific mass spectrometer configurations. A brief discussion of
these categories of tandem MS will be given along with their relative
strengths and weaknesses. A justification for our incorporation of front-end
electron transfer dissociation (FETD) within the 21 T FTICR-MS at NHMFL
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will also be discussed. The 21T FT ICR-MS at NHMFL was constructed to
achieve extraordinary performance with respect to top-down analysis. This
is achieved by the increased field strength and the culmination of several
technologies included during its construction. Here we focus on the
inclusion of front-end electron transfer dissociation (FETD) coupled with an
external multipole storage device (MSD), which allows for analysis of larger
cumulative ion targets than ever before and lessens the need transient
summing. We demonstrate linear operational range in terms of cumulative
jon target (<5.0E4-3E7 total charges) and mass spectra with very high
sequence coverage, in-spectrum dynamic range, and mass measurement
accuracy despite the large cumulative injection targets. We show
performance of FETD applied to standard proteins (3-30 kDa), human cell
lysate samples, and monoclonal antibodies.

Vacuum Technology Division
Room 7 & 8 - Session VT-MoA

Material Outgassing, Adsorption/Desorption and XHV
Moderators: Giulia Lanza, SLAC National Accelerator Laboratory, Jacob
Ricker, NIST

1:40pm VT-MoA-1 Weight of Water on the Solid Surface in Air and
Vacuum, Richard Green, National Research Council of Canada, Canada

INVITED
In 2018, after over 30 years of research by national measurement
laboratories around the globe, the unit Kilogram is expected to be
redefined in terms of a fundamental constant of nature; Planck’s constant.
The present definition has not significantly changed in over 120 years and
relates to a single cylinder made of exactly one kilogram of platinum-
iridium alloy that is stored in a vault in Sévres, France. In order to connect
the present Kilogram measured in air to a redefined Kilogram measured in
vacuum, new tools and methodologies have been developed to understand
and quantitatively determine the change in mass that occurs when metals
are placed in vacuum. While initially concerned with platinum, work has
extended to stainless steel and other surfaces. With resolutions on the
order of a 100 parts per trillion possible, sorption of less than 0.01
monolayers of water is observable.

In this talk we will present measurement techniques and tools used to
quantitatively and traceably determine the weight of water and
hydrocarbons desorbed from a surface as it is exposed to vacuum. The
techniques have been used to study factors such as pressure, surface
roughness and contamination, which influence the quantity and dynamics
of desorbed mass. The investigations will be presented in context of efforts
at the National Research Council of Canada to make the world’s most
accurate measurement of Planck’s constant.

2:20pm VT-MoA-3 Hydrogen Measurement using a Thermal Desorption
Spectrometer, JongYeon Lim, Korea Research Institute of Standards and
Science, Republic of Korea;, K Kim, H Oh, C Lim, Y Joh, Infinity Vacuum
Technology, Republic of Korea

The TDS system, designed for measuring outgassing rate of a diameter of
10 mm sample, with two pumping paths; one is ordinary throughput path
with an orifice, the other a UHV path, has been newly developed to
measure any molecules on samples with a sophisticated DAQ system.

Two paths are directly connected to the main chamber equipped with
devices including a rod-guided halogen heater allowing the sample
temperature up to 1200 °C .

The throughput path utilizes the UHV equipment to measure the
outgassing rate quantitatively and qualitatively. In the case of quantitative
hydrogen measurement, the throughput path does not have enough
pumping speed since a small orifice diameter has the conductance
limitation.

The experimentally acquired system calibration factor for the throughput
method is 16.0, which is defined as the ratio of background outgassing
rates with the gate valve closed and open using the throughput method.

In order to verify the measurement reliability a NIST Standard Reference
Materials (SRM) was introduced to the TDS system. Most of hydrogen was
desorbed during the course of heating process up to 800 °C for 90 minutes.
The area under the H2 peak is proportional to the nominal value of 126.8
wt ppm (uncertainty of 2 %). The hydrogen calibration factor of 4.38686E23
was realized. The system claims the hydrogen measurement resolution of
1.3E-6 wt ppm.
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In this presentation we briefly introduce the accurate UHV outgassing
measurement system for both qualitative and quantitative analyses, which
has an 18 % uncertainty of total outgassing rate with Inficon BPG400 HV
gauges and a unique self-calibration function.

Acknowledgements: Results are partially attributed to two national projects
sponsored by the Korean Ministry of Trade, Industry & Energy, and the
KRISS main project (Contract Nos. 10048806, and 170111649).

2:40pm VT-MoA-4 Automatic Flowmeter and Dynamic Expansion System
for UHV/XHV Studies, James Fedchak, J Scherschligt, D Barker, S Eckel,
NIST

NIST is presently creating the Cold Atom Vacuum Standard (CAVS), a
quantum-based fundamental primary vacuum sensor which significantly
departs from present methods of measuring and realizing ultra-high
vacuum (UHV) and extreme-high vacuum (XHV). The CAVS is an absolute
sensor based on the loss-rate of ultra-cold atoms from a conservative
magnetic trap due to collisions of the trapped cold atoms with the ambient
background gas, and will cover a pressure range of 10 torr to below 102
torr, thus spanning UHV and into XHV. Knowledge of the thermalized
collision cross-section, or loss-rate coefficient, between the trapped ultra-
cold sensor atoms and the background gas is critical to operation of the
CAVS; such collisions are also important in other experiments and devices
based on trapped cold atoms because they limit the lifetime of atoms in
the trap and, in addition, glancing collisions can increase statistical and
other uncertainties. To support the CAVS and other atomic physics
programs, NIST is developing a dynamic expansion system to set a known
pressure in the CAVS, which will allow the experimental determination of
collision cross-sections, relative gas-sensitivity factors, and facilitate studies
of other systematic effects. To that end, we are developing a constant
pressure flowmeter capable of producing flows of at least 10**mol/s and a
dynamic expansion system to produce pressure rises as small as 10°° Pa.
The system is designed to produce low gas-flows of H. and many other
gases of interest, to be fully automated, and to have extremely low
outgassing rates. The design and construction of the UHV/XHV flowmeter
and dynamic expansion system will be discussed.

3:00pm VT-MoA-5 Development of a New UHV/XHV Pressure Standard
(Cold Atom Vacuum Standard), Julia Scherschligt, J Fedchak, S Eckel, D
Barker, NIST INVITED
NIST has a long history of laser cooling and trapping of neutral atoms,
largely motivated by building better time standards or clocks, and has
recently begun a program to extend the metrological capabilities of cold
trapped atoms to measurement of vacuum. This will align vacuum
metrology to the emergent NIST “Quantum SI” paradigm, in which a
measurement has intrinsic traceability and the line between sensor and
standard is blurred. Since the earliest days of neutral atom trapping it has
been known that the background gas in the vacuum limits the lifetime of
atoms in the trap. We are inverting this problem to create a quantum-
based standard and sensor. Indeed, because the measured loss-rate of
ultra-cold atoms from the trap depends on a fundamental atomic property
(the loss-rate coefficient or thermalized cross section) such atoms can be
used as an absolute sensor and primary vacuum standard. Researchers
have often observed that the relationship between the trap lifetime and
background gas can be an indication of the vacuum level, but a true
absolute sensor of vacuum has not yet been realized. This is because there
are many technical challenges that must be overcome to create a device
that’s truly absolute and primary. The NIST program addresses these
challenges both theoretically and experimentally: we have begun ab initio
calculations of collision cross sections between the trapped cold atoms and
the background gas and, on the experimental side, we are thoroughly
investigating the systematic uncertainties associated with using an atom
trap to determine vacuum level, particularly those associated with loss
mechanisms (in a non-ideal trap) other than due to background collisions.
We are designing and building the apparatus to measure relevant cross
sections, and building our first prototype vacuum sensing apparatus. In this
presentation, we will discuss our theory progress, and present our newest
measurements, as well as discuss how the Cold Atom Vacuum Standard fits
into the broader picture of the NIST dissemination of the Quantum SI.

4:00pm VT-MoA-8 VTD Early Career Award Invited Talk: Modern
Metrology Practice for Calibration and Reliability Testing of Vacuum
Measurement Products, Scott Heinbuch?, MKS Instruments, Inc.  INVITED
Vacuum technology is traditionally very slow moving in terms of new
techniques and innovations. The measurement techniques of today don’t

L VTD Early Career Award
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differ drastically from 20 years ago or even longer. That does not mean
there aren’t new ways we can think about how we use that measurement
technology in a metrology lab today. Often times, critical vacuum
measurements take time; time being a taboo word in today’s product
development discussions. There are many practices to help us reduce time
waste while still ensuring good vacuum measurement. Principles of Lean
have helped us to reduce types of waste in our lab creating an efficient
environment where experiments can be set up accurately and timely.
Similarly, Six Sigma ideas have given us a set of tools and a common
language to quickly identify root cause for problems and simplify our data
analysis techniques. These same tools have helped us to identify critical
parameters for measurement systems analysis and better understanding of
our measurement uncertainties when making measurements compared to
our best in class Spinning Rotor, Stabil-lon®, and Baratron® reference
transducers. To further simplify our lab experience, vacuum system
complexity has been reduced by an effort to separate the vacuum control
system from our test development in which any user can interface with a
vacuum system in the same way they would interface with a common
laboratory instrument whether manually, or through a programming
interface. Finally, none of this matters unless we are making our
measurements with our customers in mind. Several customer applications
have been reproduced and turned into standard tests for our products to
improve our customers experience and our overall product performance
and reliability.

4:40pm VT-MoA-10 Outgassing Rate Measurements of New Materials at
NIST, Makfir Sefa, J Fedchak, J Scherschligt, A Zeeshan, NIST

The Thermodynamic Metrology Group at NIST is interested in investigating
the outgassing rates and gas uptake properties of a variety of materials.
The motivation of these investigations is to support programs aimed to
develop new vacuum, pressure, and temperature sensors. For example,
materials with ultra-low outgassing rates are necessary to develop a cold-
atom vacuum standard (CAVS), which is a metrological-quality XHV/UHV
sensor based on ultra-cold atom technology. Chambers and vacuum
components used in the CAVS must have ultra-low outgassing rates to
achieve UHV and XHV backgrounds. The group is also interested in
developing embedded temperature and pressure sensors, where the
outgassing or gas uptake properties could influence sensor performance or
applicability. In addition, the gas uptake properties of unique materials can
be exploited for gas sensors or storage. This talk will highlight the
outgassing measurements of heat-treated stainless steel chambers and 3-D
printed stainless steel and titanium chambers. In addition, absorption and
desorption of gases in 3-D printed nano-composite plastics will be
discussed.

5:00pm VT-MoA-11 Scaling up an lon Implant Process Chamber
Cryopumping for 450mm Wafer Processing, Steve Borichevsky, Applied
Materials, Varian Semiconductor Equipment

The semiconductor industry recently explored scaling up the wafer
diameter from 300mm to 450mm. lon Implant faced the challenge of
providing process vacuum conditions for larger dopant ion beam currents
and coping with the outgassing cause by the ion beam striking increased
area covered by photoresist. The process chamber, where the ion beam
strikes the target wafer, posed the most difficult vacuum challenges. The
increased wafer size was predicted to generate 2.25 times the normal gas
loads which would require nine 320mm cryopumps. In order to meet the
requirements of implant, three prototype 500 mm diameter cryopumps
were mounted onto a process chamber and tested. This presentation
describes the basic architecture of an ion implanter, the decisions that lead
up to the use of 500mm cryopumps, the results of the initial vacuum
system testing and the Monte Carlo simulations.
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Plenary Session
Room Ballroom B - Session PLS-MoPL

Plenary Session

5:30pm PLS-MoPL-1 Precise Chemical, Physical, and Electronic Nanoscale
Contacts, Paul Weiss, University of California at Los Angeles INVITED
The physical, electronic, mechanical, and chemical connections that
materials make to one another and to the outside world are critical. Just as
the properties and applications of conventional semiconductor devices
depend on these contacts, so do nanomaterials, many nanoscale
measurements, and devices of the future. We discuss the important roles
that these contacts can play in preserving key transport and other
properties. Initial nanoscale connections and measurements guide the path
to future opportunities and challenges ahead. Band alignment and
minimally disruptive connections are both targets and can be characterized
in both experiment and theory. | discuss our initial forays into this area in a
number of materials systems.

Paul S. Weiss holds a UC Presidential Chair and is a distinguished professor
of chemistry & biochemistry and of materials science & engineering at
UCLA. He received his S.B. and S.M. degrees in chemistry from MIT in 1980
and his Ph.D. in chemistry from the University of California at Berkeley in
1986. He was a postdoctoral member of technical staff at Bell Laboratories
from 1986-88 and a visiting scientist at IBM Almaden Research Center from
1988-89. He served as the director of the California NanoSystems Institute
and held the Fred Kavli Chair in NanoSystems Sciences at UCLA from 2009-
14. Before coming to UCLA, he was a distinguished professor of chemistry
and physics at the Pennsylvania State University, where he began his
academic career in 1989. His interdisciplinary research group includes
chemists, physicists, biologists, materials scientists, mathematicians,
electrical and mechanical engineers, computer scientists, clinicians, and
physician scientists. They focus on the ultimate limits of miniatu-rization,
exploring the atomic-scale chemical, physical, optical, mechanical, and
electronic properties of surfaces, interfaces, and supramolecular
assemblies. He and his students have developed new techniques to expand
the applicability and chemical specificity of scanning probe microscopies.
They have applied these and other tools to the study of catalysis, self- and
directed assembly, and molecular and nanoscale devices. They advance
nanofabrication down to ever smaller scales and greater chemical
specificity in order to operate and to test functional molecular assemblies,
and to connect these to the biological and chemical worlds. Two major
themes in his laboratory are cooperativity in functional molecules and
single-molecule/assembly biological structural and functional
measurements. He has written over 300 publications, holds over 30
patents, and has given over 600 invited, plenary, keynote, and named
lectures.

Weiss has been awarded a National Science Foundation (NSF) Presidential
Young Investigator Award (1991-96), the Scanning Microscopy
International Presidential Scholarship (1994), the B. F. Goodrich Collegiate
Inventors Award (1994), an Alfred P. Sloan Foundation Fellowship (1995-
97), the American Chemical Society (ACS) Nobel Laureate Signature Award
for Graduate Education in Chemistry (1996), a John Simon Guggenheim
Memorial Foundation Fellowship (1997), a NSF Creativity Award (1997-99),
and the ACS Award in Colloid and Surface Chemistry (2015), among others.
He was elected a fellow of: the American Association for the Advancement
of Science (2000), the American Physical Society (2002), the American
Vacuum Society (2007), the ACS (2010), the American Academy of Arts and
Sciences (2014), the American Institute for Medical and Biological
Engineering (2016), and an honorary fellow of the Chinese Chemical
Society (2010). He was also elected a senior member of the IEEE (2009). He
received Penn State’s University Teaching Award from the Schreyer Honors
College (2004), was named one of two nanofabrication fellows at Penn
State (2005), and won the Alpha Chi Sigma Outstanding Professor Award
(2007). He was a visiting professor at the University of Washington,
Department of Molecular Biotechnology (1996-97) and Kyoto University,
Electronic Science and Engineering Department and Venture Business
Laboratory (1998 and 2000), and a distinguished visiting professor at the
Kavli Nanoscience Institute and the Joint Center for Artificial
Photosynthesis at Caltech (2015). He is a visiting scholar at the Kavli
Institute for Bionano Science & Technology and the Wyss Institute for
Biologically Inspired Engineering at Harvard University (2015-17). He has
been named the Institut National de la Recherche Scientifique (INRS)
Chaire d'excellence Jacques-Beaulieu at the Centre for Energy, Materials
and Telecommunications (2016-17). Weiss was a member of the U.S.
National Committee to the International Union of Pure and Applied
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Chemistry (2000-05). He has been the technical co-chair of the Foundations
of Nanoscience Meetings, thematic chair of the Spring 2009 and Fall 2018
ACS National Meetings. He was the senior editor of IEEE Electron Device
Letters for molecular and organic electronics (2005-07), and is the founding
editor-in-chief of ACS Nano (2007-). At ACS Nano, he won the Association
of American Publishers, Professional Scholarly Publishing PROSE Award for
2008, Best New Journal in Science, Technology, and Medicine, and ISI’s
Rising Star Award a record ten times.
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2D Materials Focus Topic
Room 15 - Session 2D+AS+SA+SP-TuM

2D Materials Characterization including Microscopy and

Spectroscopy
Moderator: Sara Barja, Materials Physics Center, San Sebastian, Spain

8:00am 2D+AS+SA+SP-TuM-1 Electronic Structure of Oxygen-Intercalated
Graphene on Iridium Interface, Yi Lin, Y Li, Columbia University; J
Sadowski, Brookhaven National Laboratory; J Dadap, W Jin, R Osgood,
Columbia University; M Hybertsen, Brookhaven National Laboratory

We report experimental and theoretical work to understand how oxygen
intercalation changes the image potential state and surface state electronic
structure in a metal/graphene interface. We use tunable angle-resolved
two-photon photoemission spectroscopy to probe the evolution of the
electronic band structure of an epitaxially grown monolayer graphene on
Ir(111) as it undergoes through a cycle involving oxygen intercalation and
deintercalation. Oxygen intercalation is carried out in situ and LEED is used
to determine the crystallinity of the interface in the presence or absence of
the intercalated oxygen. The image state manifold and its effective mass
are examined. The photoemission intensity variation in momentum space
and the observation of an oxygen induced state are discussed.
Furthermore, a recently proposed effective potential model at the
graphene/metal interface is developed further by us to accommodate
oxygen intercalation and interpret our experimental electronic structure
variation with good agreements.

We acknowledge support from the US Dept. of Energy, Office of Basic
Energy Sciences, under Contract Numbers DE-FG 02-04-ER-46157, DE-
FG02-90ER14104, and DESC0012704.

8:20am 2D+AS+SA+SP-TuM-2 Graphene Moiré Pattern Ultra-High
Resolution Atomic Force Microscopy, Gerald Pascual, B Kim, K Lee, Park
Systems Inc.

The ultra-high resolution of AFM was demonstrated in a
Graphene/hexagonal Boron Nitride (hBN) sample evaluation conducted by
AFM. The sample consisted of hBN substrate overlaid with a Graphene
layer and was scanned under ambient air. The purpose of the evaluation
was to assess the AFM ability to characterize the topography of the moiré
pattern that was created when one layer was set on top of the other and
offset by rotation. Using non-contact AFM mode and a standard AFM
probe tip, the AFM was able to successfully image the moiré pattern super
lattice constant of the sample in scans as large as 500 x 500 nm. In the
higher magnification image taken at a scan size of 60 x 60 nm provides the
clear evidence that not only are the super lattice constants of the moiré
pattern about 15 nm [1] in width, but that the spacing between each
striation on the moiré pattern is roughly 4-5 nm in length. Observations of
such striations in Graphene/hBN systems have been previously reported
[2]. This latter distance is in line with the expected tip radius curvature
values for the AFM tip used to acquire all four sets of data.

[1] A. Zandiatashbar, B. Kim, Y. Yoo, and K. Lee, Microscopy Today
23(06):26-31 (2015)

[2] P. Gallagher, M. Lee, F. Amet et.al., Nature Comm. 7 10745 (2016)

8:40am 2D+AS+SA+SP-TuM-3 Surface and Interface Properties of 2D MoS:
and WS, Materials, Chia-Seng Chang, Institute of Physics, Academia Sinica,
Taiwan, Republic of China, Taiwan; Y Lee, National Tsing-Hua University,
Taiwan, Republic of China INVITED
Two dimensional layered transition metal dichalcogenides (2D TMD), such
as MXz (M = Mo, W and X =S, Se), have offered exciting new physics and
chemistry, as well as potential applications in energy harvesting,
electronics, and optoelectronics. Surface and interface properties of these
2D materials are fundamental to further advance them on scientific
exploration and device fabrication. In this talk, we will demonstrate the
growth of various TMD monolayers using ambient-pressure chemical vapor
deposition. The quality of a MS2 monolayer was examined by scanning
probe microscopy, electron microscopy, and optical spectroscopy. We will
discuss the key issues associated with the surfaces and interfaces of these
materials.

Tuesday Morning, October 31, 2017

51

9:20am 2D+AS+SA+SP-TuM-5 Spectroscopic Investigation of Plasma-
Fluorinated Monolayer Graphene and Application for Gas Sensing, Hui
Zhang, Shanghai Institute of Microsystem And Information Technology,
China; J Guo, Lawrence Berkeley National Laboratory; X Sun, Soochow
University

A large-area monolayer fluorinated graphene (FG) is synthesized by a
controllable SF6 plasma treatment. The functional groups of FG are
elucidated by various spectroscopies, including Raman, X-ray
photoemission spectroscopy (XPS) and near edge X-ray absorption fine
structure (NEXAFS). Raman results suggest that the defects are introduced
into the monolayer graphene during the fluorination process. The fluorine
content can be varied by the plasma treatment and can reach the
maximum (~24.6 at% F) under 20 s plasma treatment as examined by XPS
measurement. The angle dependent NEXAFS reveals that the fluorine
atoms interact with the graphene matrix to form the covalent C-F bonds,
which are perpendicular to the basal plane of FG. FG is applied as gas
sensing material and owns much better performance for ammonia
detection compared to the pristine graphene. Based on our DFT simulation
results, the fast response/recovery behavior and high sensitivity of the FG
gas sensor are attributed to enhanced physical absorption due to the C-F
covalent bonds on the surface of FG

9:40am 2D+AS+SA+SP-TuM-6 Photoemission Electron Microscopy as a
New Tool to Study the Electronic Properties of 2D Crystals on Silicon
Oxide, Taisuke Ohta, M Berg, Sandia National Laboratories, Center for
Integrated Nanotechnologies; C Chan, Sandia National Laboratories; K
Keyshar, Rice University, G Gupta, University of Louisville, P Ajayan, Rice
University; A Mohite, Los Alamos National Laboratory

The energy positions of the valence and conduction electronic states with
respect to the vacuum level are essential parameters to evaluate how the
band gaps of semiconductors or Fermi-levels of metals would line up with
respect to each other. Defined as an energy separation between the
vacuum level and the highest occupied electronic states, the ionization
energy is of particular importance for atomically-thin two-dimensional (2D)
crystals to predict the performance of their heterostructures useful in high
performance electronics and opto-electronics. lonization energies have
been investigated based on theoretical calculations, but to the best of our
knowledge, no systematic experimental confirmation is reported for the
wide range of 2D crystals despite their importance.

Here, we present a new approach to study the electronic properties of
prototypical 2D crystals, graphene, MoSz, WS;, and MoSez2 monolayer and
multilayer flakes, supported on thick silicon oxide (SiO:) film using a
photoemission electron microscopy combined with a deep ultraviolet
(DUV) illumination. We determine the band alignments of monolayer to
multilayer junctions in these four materials, and show that the ionization
energy decreases from MoSz, WS, to MoSe; as predicted by density
functional calculations. We postulate that the defects in SiO; alleviate the
charging of the 2D crystals thanks to the relatively low total photoemission
current due to the low energy excitation by the DUV light. This study
reveals a new metrology to uncover electronic properties intrinsic to 2D
crystals supported on SiO: substrates that interact minimally with the
overlying 2D crystals.

The PEEM work was performed at the Center for Integrated
Nanotechnologies, an Office of Science User Facility (DE-AC04-94AL85000).
T. O. is supported by the CINT user program and Sandia LDRD. The work
performed by M. B. and C. C. are supported by a U.S. DOE, Office of Energy
Efficiency and Renewable Energy SunShot Initiative award for BRIDGE (DE-
FOA-0000654 CPS25859). K. K. was supported by the Army Research Office
MURI grant W911NF-11-1-0362. A. D. M. is supported by LANL LDRD
program. Sandia National Laboratories is a multi-mission laboratory
managed and operated by National Technology and Engineering Solutions
of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc.,
for the U.S. Department of Energy’s National Nuclear Security
Administration under contract DE-NA0003525.

11:00am 2D+AS+SA+SP-TuM-10 STM and STS Study of MoS2/WS;
Heterostructures Grown by Chemical Vapor Deposition, Fan Zhang,
Virginia Polytechnic Institute and State University, Z Lu, Tsinghua
University, PR China; H Zheng, K Park, Virginia Polytechnic Institute and
State University; L Jiao, Tsinghua University, PR China; C Tao, Virginia
Polytechnic Institute and State University

2D materials like atomically thin transition metal dichalcogenides (TMDs)
have received tremendous attentions for their unique properties and high
potential applications. Recent developments on synthesis of 2D
heterosrtuctures through the chemical vapor deposition (CVD) method
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provide an unprecedented opportunity to create and tune the intriguing
electronic and optical properties of 2D materials such as engineering the
band gaps. These 2D heterostructrues have a wide range of applications in
electronics and optics, for example, tunneling transistors, single-photon
emission devices and photovoltaic devices. To further optimize and design
2D heterostructures, it is essential to investigate the structural and
electronic properties at the atomic scale, which is however still lacking.

In this presentation, we will focus on a high-quality MoS:/WS:
heterostructure grown on SiO; using the CVD method. Scanning tunneling
microscopy (STM) and spectroscopy (STS) were performed to study the
morphology and band structures of both MoS. monolayer and MoS2/WS,
heterobilayer. Atomically resolved STM images were obtained on the
monolayer, heterobilayer and the interface between the monolayer and
heterobilayer. The height histograms acquired respectively on the
monolayer and the heterobilayer indicate that the heterobilayer is higher
than the monolayer with a height difference of 0.85 + 0.10 nm. The
roughness of the monolayer and heterobilayer was for the first time
quantified by STM. The root mean square (RMS) roughness of the
heterobilayer is 0.253 + 0.020 nm compared with 0.362 + 0.031 nm of the
monolayer. We also performed STS measurements on the system. Our STS
results and density functional theory (DFT) calculations reveal the band
gaps of the heterobilayer and the MoS2 monolayer, which are similar to the
previously reported results on MoS2/WS; heterostructures fabricated
through the mechanical exfoliation method.

11:20am 2D+AS+SA+SP-TuM-11 Determine the Band Alignment of 2D
Semiconductor Heterostructures by Photoelectron Spectromicriscopy, L
Chang, National Synchrotron Radiation Research Center, Taiwan, Republic
of China; Y Wang, Y Ku, National Tsing Hua University, Republic of China; Y
Kuo, H Shiu, Chia-Hao Chen, National Synchrotron Radiation Research
Center, Taiwan, Republic of China

Semiconductor heterojunction (HJ) band alignment is the most important
factor for the functioning of the HJ-based devices. Therefore, the
prediction and determination of the HJ band offset is always a scientifically
interesting and technologically important topic. As the 2D materials
emerged as the building blocks for the devices with molecular thickness,
the determination of band alignment of the van der Waals HJs is becoming
a critical issue.

Due to the nature of the molecular thickness and the lack of large area 2D
crystal, a microscope with surface sensitivity is an ideal tool to study the
fundamental properties of the 2D heterostructures.

In this regard, we have employed a synchrotron radiation based scanning
photoelectron spectromicroscopy (SPEM) to study the chemical and
electronic structures of the van der Waals HJs, include the single-layer
transition metal dichalcogenides, and graphene/GaN HJs. In this
presentation, | will report some of the band alignments of these 2D
semiconductor heterostructures.

Actinides and Rare Earths Focus Topic
Room 22 - Session AC+AS+SA-TuM

Nuclear Power, Forensics, and Other Applications
Moderator: James G. Tobin, University of Wisconsin-Oshkosh

8:00am AC+AS+SA-TuM-1 Design of Synergistic Protein-ligand Systems for
f-element Coordination, where Separation, Decontamination and Nuclear
Medicine Meet, Rebecca Abergel, Lawrence Berkeley National Laboratory

INVITED
Separation of elements from the 4f- and 5f- series is a challenging task due
to the similarities in their ionic radii and the existence of most of these
metal ions in the trivalent oxidation state. Understanding the fundamental
bonding interactions between those metal centers and selective ligands
presents a rich set of scientific challenges and is critical to the development
of new separation strategies as well as to a number of applied problems
such as the need for decontamination after a nuclear accident or the use of
radio-isotopes for new cancer treatments. Our studies utilize luminescence
sensitization, UV-Visible, X-ray absorption, and X-ray diffraction
spectroscopic techniques to investigate specific lanthanide and actinide
coordination features by bio-inspired catecholamide and
hydroxypyridinone hard oxygen-donor ligands. Using such ligands allows
the solution differentiation of different metals through stabilization in
specific oxidation states and provides information on their respective
electronic structures. In addition, X-ray diffraction analyses using the
mammalian iron transport protein siderocalin as a crystallization matrix
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revealed remarkable aspects of the protein’s interactions with chelated
metals, establishing series of isostructural systems that can be used to
derive trends in the later 5f-element sequence, when combined with
theoretical predictions. These results will be discussed with a perspective
on how such studies have important implications for the use of
spectroscopic and thermodynamic methods to exploit the fundamental
knowledge of the role of f-electrons in actinide bonding for the
development of new transport, separation, luminescence, and therapeutic
applications.

8:40am AC+AS+SA-TuM-3 Image Processing And Particle Analysis Of
Fission-Truck-Analysis In Nuclear Forensic, Itzhak Halevy, Department of
Physics, NRCN, lIsrael; U Admon, (Retiree), IAEC-NRCN, Department of
Materials, Beer-Sheva Israel, Israel; E Chinea-Cano, Office of Safeguards
Analytical Services (SGAS), International Atomic Energy Agency (IAEA),
Austria; A Weiss, Faculty of Engineering, Bar-llan University, Israel; N
Dzigal, Office of Safeguards Analytical Services (SGAS), Austria; E Boblil,
Department of Physics, IAEC-NRCN, Israel

Particle analysis is a key discipline in safeguards and nuclear forensic
investigations, as well as in environmental research. The radioactive
Particles are usually in the micrometric size range, and intermixed within
huge populations of other particles, like air-borne dust, soil, industrial
exhaust pollutants or estuary sediments.

We are using the Fission Truck Analysis (FTA) technique. In that technique
plastic detectors used for raping a Lexan catcher with the particles and
together are radiated in nuclear reactor with thermal neutrons. The Fission
Truck are trucks done by the fission products. The fission material is
dominant in producing the trucks, namely the 23U isotope. The Fission
Truck could be more visible by special etching and can be used to locate
the particles.

From that point, the analysis of Fission Truck is an image processing.
Scanning the detectors is a time-consuming procedure. Automated
scanning and fission star recognition will make all the Analysis easier to
quantify

The challenge, therefore, consists in scanning and imaging a relatively large
area detector, at a resolution of about 1um, and locating the FT clusters
while rejecting the artefacts.

Image processing was done using the Fiji distribution of Imagel). The
algorithms shown in this report were implemented using either the Image)
macro language or the ImagelJ Python scripting engine. Basic noise removal,
lllumination correction and Segmentation are the basic of the imaging
analysis.

| cass of large area detector a set of picture will be taken and by stiching a
larg picture will be composed.

Roundness and endpoint thresholds can be adjusted to obtain fewer false
negatives at the expense of more false positives. A receiver operation
characteristic (ROC) can be used to characterise this.

The high and low threshold determination in the hysteresis thresholding
step should be improved.

After the autometed procedure the operator can go over the FT and decide
if to add stars that were not found by the software or to cancel stars that
are artifact.

Correlation between forensic and image processing parameters will be
defined. Even that stars are coming from 2*U only and it is no one to one
connected only to enrichment we still think that the shape, color, number
of end points and roundness can be parameters to indicates different
forensic properties.

9:00am AC+AS+SA-TuM-4 Application of Linear Least Squares to the
Analysis of AES Depth Profiles of Plutonium Oxides, Scott Donald, A
Nelson, Lawrence Livermore National Laboratory

Application of the linear least squares (LLS) methodology allows for
quantitative determination of variation in material composition with depth,
as well as permitting an understanding of differences resulting from
changes in the method of preparation. LLS fits were applied to decompose
and enhance the interpretation of spectra obtained by Auger electron
spectroscopy (AES) during depth profiles of oxidized plutonium surfaces. By
means of the LLS algorithm, chemical state assignments of the Pu
P1VV/045VV, O KLL, and C KLL Auger transitions were determined and the
existence of a subsurface oxy-carbide layer was identified, with
confirmation provided from comparison to previous measurements of
standard samples.
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The work was performed under the auspices of the U.S. Department of
Energy by Lawrence Livermore National Laboratory under Contract DE-
AC52-07NA27344.

9:20am AC+AS+SA-TuM-5 Physical and Chemical Characterization of Solid
Pu and Np Sources after Multi-year Exposure to Environmental
Conditions, Brian Powell, Clemson University INVITED
A field scale radionuclide vadose zone transport experiment at the United
States Department of Energy Savannah River Site is being operated by
Savannah River National Laboratory and Clemson University scientists. In
this experiment, plutonium and neptunium solid sources are buried in 61
cm long x 10 cm diameter lysimeters which are open to precipitation. Such
experiments provide the opportunity to observe changes in the
microcrystalline structure of plutonium and neptunium solid phases under
various environmental conditions. In the current experiments, sources of
neptunium and plutonium in multiple initial oxidation states and chemical
forms have been deployed for 2-5 years of field exposure. These sources
include Pu(V)NH4COs(s), Pu(IV)(C20a)2(s), Pu(ll1)2(C204)s(s), Pu(IV)Oa(s),
Np(IV)O2(s) and NpO2NOs(s). X-ray absorption spectroscopy (XAS) analysis
of initially Pu(V)NH4(COs) sources archived in an inert atmosphere and
sources exposed to lysimeters indicate some reduction to Pu(lV) within the
sources leading to the formation of Pu(IV)Ox(s). Thus, there appears to be
an auto-reduction of NH4Pu(V)COs(s) to Pu(lIV)O2(s) even under inert
conditions. However, solvent extraction on archived and field-deployed
sources show the archived source still contains around 40% Pu(V) whereas
the same source from a field lysimeter deployed for 2.5 years contained
less than 10% of Pu(V). XAS and electron microscopy studies have
demonstrated differences between Pu(IV)O(s) formed via reduction of
Pu(V)O2NH4COs and initially Pu(IV)O. formed from precipitation of a Pu(IV)
solution. The behavior of initially Np(IV)O. sources was quite different
showing oxidation to Np(V) and subsequent downward transport of more
soluble Np(V)O:*. The oxidation of Np(IV)Oa(s) leads to formation of a much
more disordered solid phase with a significantly altered morphology than
the initial Np(IV)Oz(s). The results of these experiments will be discussed in
terms of evaluating the history of the sample through analysis of the
microcrystalline structure and the influences of aging under various
environments.

11:00am AC+AS+SA-TuM-10 Synchrotron Radiation Investigation of f-
element Extraction from a Carboxylic Acid Functionalized Porous
Aromatic Framework, David Shuh, Lawrence Berkeley National Laboratory;
S Demir, N Brune, University of California Berkeley, LBNL; J Van Humbeck, J
Mason, University of California Berkeley; T Plakhova, Lomonsov Moscow
State University, Russia; S Wang, University of California Berkeley, LBNL, G
Tian, S Minasian, T Tysliszczak, Lawrence Berkeley National Laboratory; T
Yaita, T Kobayashi, Japan Atomic Energy Agency; S Kalmykov, Lomonsov
Moscow State University, Russia; H Shiwaku, Japan Atomic Energy Agency;
J Long, University of California Berkeley

Porous aromatic frameworks (PAFs) incorporating a high concentration of
acid functional groups possess characteristics that are promising for use in
separating lanthanide and actinide metal ions, as required in the treatment
of radioactive waste. These materials have been shown to be indefinitely
stable to concentrated acids and bases, potentially allowing for multiple
adsorption/stripping cycles. Additionally, the PAFs combine exceptional
features from metal organic frameworks (MOFs) and inorganic/ activated
carbons giving rise to tunable pore surfaces and maximum chemical
stability. The adsorption of selected metal ions, Sr?*, Fe*, Nd*, and Am3*,
from aqueous solutions employing a carbon-based PAF, BPP-7 (Berkeley
Porous Polymer-7) has been investigated. This material displays high metal
loading capacities together with excellent adsorption selectivity for
neodymium over strontium. X-ray absorption spectroscopy studies show
that the stronger adsorption of neodymium is attributed to multiple metal
ion and binding site interactions resulting from the densely functionalized
and highly interpenetrated structure of BPP-7. Recyclability and
combustibility experiments demonstrate that multiple adsorption/stripping
cycles can be completed with minimal degradation of the polymer
adsorption capacity.

11:20am AC+AS+SA-TuM-11 The Effect of Al.Os; Encapsulation Using
Atomic Layer Deposition on the Photoluminescent, Water and
Thermostability Properties of SrAl,04 Based Phosphors, Erkul Karacaoglu,
E Ozturk, Karamanoglu Mehmetbey University, Turkey; M Uyaner, Selcuk
University, Turkey

Aluminate based phosphors (MAI20a, MsAl1402s, M= Sr, Ba, Ca, etc.) are
chemically unstable against water and even moisture. Moreover, some of
phosphors, like green emitting phosphorescent materials’ luminescence
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properties, but not their structural properties, are affected negatively
during reheating applications because the 2+ ionic state of europium is
oxidized to 3+ in open atmosphere low temperature heating process thus
limiting their applications. Their hydrolysis process were studied and
analyzed intensively by researchers. Changes of pH value of suspensions,
the structures and optical properties of the hydrolysis of phosphor
structures had been investigated. In this research, to prevent or minimize
this degradation, to enhance the water resistance and to maintain the
phosphorescence properties, an Al,O3 coating on the surface of SrAl,O4
based phosphor pellets (1 mm thickness) were prepared using Atomic
Layer Deposition (ALD) method with Trimethylaluminum (TMA) precursor.
The investigation of phase formation of strontium aluminate was analyzed
by thermal analysis (DTA/TG) until 1500 °C. The SrAl.Os with Monoclinic
structure in single phase having lattice parameters a=8.44365 A,
b=8.82245A, ¢=5.15964A and a=90° B=90° y=90° were obtained according
to XRD analysis. The photoluminescence (PL) results of both open and
reduced atmosphere synthesized phosphors with excitation and emission
wavelengths and decay time were determined by a PL spectrometer at
room temperature. The reduced and open atmosphere synthesized
samples have different photoluminescent characteristics because of ionic
state of europium in 2+ and 3+ at reduced atmosphere and open
atmosphere, respectively. Moreover, it was obtained that the main crystal,
SrAl0s4, had photoluminescent properties. The surface analysis of
phosphors as morphology and elemental analysis (SEM/EDX), X-ray
diffraction (XRD), water and heat resistance (thermostability),
photoluminescence (PL) of the phosphors before and after encapsulation
were discussed in detail.

Applied Surface Science Division
Room 13 - Session AS+MI+SS-TuM

Quantitative Surface Analysis:

Strategies
Moderators: Kateryna Artyushkova, The University of New Mexico,
Gregory L. Fisher, Physical Electronics

Effective Quantitation

8:00am AS+MI+SS-TuM-1 Effective Attenuation Lengths for Different
Quantitative Applications of XPS, A Jablonski, Institute of Physical
Chemistry, Warsaw, Poland; Cedric Powell, NIST

The effective attenuation length (EAL) is a convenient parameter for use in
place of the inelastic mean free path (IMFP) to account for elastic
scattering of signal photoelectrons in XPS. The most common EAL
application is measuring the thicknesses of overlayer films on planar
substrate from the attenuation of substrate photoelectrons in laboratory
XPS systems. EALs for this purpose can be obtained from a NIST database
[1] and from empirical predictive equations [2]. In addition, EALs can be
defined for other quantitative applications of XPS with laboratory XPS
systems: (i) determination of thicknesses of overlayer films on planar
substrates from changes of intensities of overlayer photoelectrons [3]; (ii)
quantitative determination of surface composition by XPS [4]; and (iii)
determination of shell thicknesses of core-shell nanoparticles [5]. Finally,
EALs have been determined for measuring thicknesses of overlayer films on
planar substrate from the attenuation of substrate photoelectrons in XPS
with linearly polarized X-rays with energies up to 10 keV [6]. These EALs
will be compared to corresponding EALs for unpolarized X-rays [2,6]. The
EAL is not a simple material parameter like the IMFP but depends on the
defining equation for the particular application as well as on the
experimental configuration.

1. NIST Electron Effective-Attenuation-Length Database, SRD 82, Version
1.3, 2011; https://www.nist.gov/srd/nist-standard-reference-database-82.
2. A. Jablonski and C. J. Powell, J. Electron Spectrosc. Relat. Phenom. 199,
27 (2015).

3. A. Jablonski, J. Electron Spectrosc. Relat. Phenom. 185, 498 (2012).

4. A. Jablonski and C. J. Powell (to be published).

5. C. J. Powell, W. S. M. Werner, A. G. Shard, and D. G. Castner, J. Phys.
Chem. C 120, 22730 (2016).

6. A. Jablonski (to be published).

8:20am AS+MI+SS-TuM-2 Plumbing the Depths using the XPS Inelastic
Background, Alexander Shard, S Spencer, National Physical Laboratory, UK
A novel semi-empirical description of the intensity of inelastically scattered
electrons in XPS is introduced. The functional form describes the
background over the full energy range of an XPS survey spectrum and is not
8:00 AM
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intended to be used as a background subtraction method. Therefore, it
may be used even in the absence of elastic peaks in the spectrum. Samples
of gold and silicon oxide coated with defined thicknesses of Irganox 1010
and a calibrated XPS spectrometer were used to generate reference data.
These data were used to establish appropriately linked functions for
substrate and overlayer background shapes as a function of overlayer
thickness and the known relative intensities and energies of the pure
materials. A common functional form could be found and appears to be of
general utility, at least for organic overlayers. The description shows that
the measurement of overlayer thicknesses well beyond the traditional XPS
information depth is possible, for organic layers on gold this can be larger
than 50 nm. In principle, the background shape of any substrate beneath
an organic overlayer can be described and the thickness adjusted to match
experimental data.

This description of XPS background shapes may be employed to rapidly
confirm the chemistry and depth of substrate materials. Discrepancies with
thicknesses established by traditional analyses of elastic peak intensities
can be employed to measure defect densities in coatings. The use of
background shape analysis should also be useful for measuring the
overlayer thickness on topographic materials where traditional angle-
resolved analysis is not appropriate. Furthermore, these descriptions
should be useful for new developments in XPS, such as nanoparticle shell
measurement, high energy XPS and near-ambient pressure XPS.

8:40am AS+MI+SS-TuM-3 Quantitative Organic Depth Profiling and 3D
Imaging using Secondary lon Mass Spectrometry, Rasmus Havelund,
National Physical Laboratory, UK INVITED
The development of gas cluster ion beams has transformed the ability for
depth profiling of organic materials using secondary ion mass spectrometry
(SIMS). The technique now permits molecular information to be obtained
with excellent depth resolution to depths of several um. This type of
analysis is highly valuable across a range of applications but quantitative
analysis continues to be a major challenge.

Carefully prepared organic reference multi-layers have in a number of
studies been used to measure gas cluster ion sputtering yields[1,2], depth
resolutions[1,2], and, recently, the matrix effect in binary molecular
mixtures[3]. These parameters are important in any attempt to achieve
quantification. Here, the ability to accurately measure the thickness of
organic layers and the depth of interfaces is evaluated using such organic
reference multi-layers. The depth of interfaces is needed for materials or
devices consisting of distinct layers of pure single materials where a
measurement of the thicknesses of the layers provides, quantitatively, the
amount of substance in the layers. In sputter depth profiling, the thickness
of a layer will be reflected in the primary ion dose required to remove the
layer, and in the integrated characteristic secondary ion signal intensity
through that layer. A detailed analysis of the critical role of the matrix
effect on these parameters is provided, and the prospects for measuring
compositions in mixed materials are discussed based on results from three
different sample systems. This provides useful information for the
development of quantification strategies.

[1] Niehuis et al., Surface and Interface Analysis, 45, 158-162, 2013
[2] Shard et al., Analytical Chemistry, 84, 7865-73, 2012

[3] Shard et al., International Journal of Mass Spectrometry, 377, 599-609,
2015

9:20am AS+MI+SS-TuM-5 Coupling Effects on the Intensity and
Background of the Cr 3p Photoemission Spectrum around the Cr 2s
Threshold, Alberto Herrera-Gomez, CINVESTAV-Unidad Queretaro,
Mexico; D Cabrera-German, Universidad de Sonora, Mexico; F Aguirre-
Tostado, CIMAV-Monterrey; A Dutoi, University of the Pacific; M Vazquez-
Lepe, Universidad de Guadalajara; P Pianetta, Stanford University; D
Nordlund, Stanford Synchrotron Radiation Lightsource; O Cortazar-
Martinez, CINVESTAV-Unidad Queretaro, Mexico; L Gomez-Mufioz,
Cinvestav-Unidad Queretaro, Mexico; J Torrea-Ochoa, CINVESTAV-Unidad
Queretaro

By describing the photoelectric phenomenon as the absorption of a photon
by a core electron and its subsequent emission, it is possible to understand
many of the features found in XPS data ... as long as the photon energy is
far away from the threshold of deeper core levels. For these cases, “the
independent particle approximation, which had been thought to be
applicable to atomic photoionization cross sections well above threshold, is
clearly not applicable.”[1,2] Even at energies away from deeper thresholds,
quantification of the composition can be done only if we are also willing to
employ empirical background subtraction methods such as the Shirley
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function to assess peak intensities. Through this method, employed in
conjunction with others methods accounting for the background due to
inelastic scattering (i.e., Tougaard background), it is possible to properly
reproduce the experimental background [3] and assess the composition of
surfaces. Of course, the intensity related to the background is ignored for
composition calculations. Ignoring the background due to inelastic
scattering is perfectly self-consistent because these electrons are
effectively accounted by the Debye-Waller attenuation factor calculated
from the inelastic mean free path. However, there is not any attenuation
factor to account for the ignored Shirley electrons.

Through the study of the peak intensity of the Cr 3p peak with photon
energies around the Cr 2s threshold, we found that these two issues, 1)
channeling effects on the peak intensity and 2) the need to ignore the
Shirley electrons for composition calculations, are, in fact, related. The
behavior of the Cr 3p background strongly suggest coupling between the
3p and the valence states. These coupling most exist for a brief time after
photon absorption, and the observed photoelectrons should actually come
from one of these coupled states. That is, “describing the photoelectric
phenomenon as the absorption of a photon by a core electron and its
subsequent emission” is not the complete paradigm for photoemission.

[1] E.W.B. Dias, H.S. Chakraborty, P.C. Deshmukh, S.T. Manson, Breakdown
of the Independent Particle Approximation in High-Energy Photoionization,
(1997) 4553-4556.

[2] W. Drube, T.M. Grehk, S. ThieB, G.B. Pradhan, H.R. Varma, P.C.
Deshmukh, S.T. Manson, Pronounced effects of interchannel coupling in
high-energy photoionization, 46 (2013). doi:10.1088/0953-
4075/46/24/245006.

[3] A. Herrera-Gomez, M. Bravo-Sanchez, F.S. Aguirre-Tostado, M.O.
Vazquez-Lepe, The slope-background for the near-peak regimen of
photoemission spectra, J. Electron Spectros. Relat. Phenomena. 189 (2013)
76-80. doi:10.1016/j.elspec.2013.07.006.

9:40am AS+MI+SS-TuM-6 Using Main Peak Intensities for XPS
Quantitation: Strengths, Weaknesses, Issues, B. Vincent Crist, XPS
International LLC; C Brundle, C. R. Brundle and Associates

It is common, in the practical world, to use the most intense XPS peaks
from survey spectra, in combination with instrument software RSF’s, for
atom percent quantitation. The advantage is obvious: time saved.
Occasionally, peak overlaps force the use of a secondary peak plus a ratio
of RSF’s. The origin of that ratio is usually based on theoretical cross-
sections, o (1), corrected for transmission function, T, and escape depth, A.

Using clean elemental surfaces the validity of using relative o’s for peaks in
the spectrum was tested. Some large discrepancies were found. The same
occurred for some crystal materials and bulk polymers. Two possible
causes are errors in ¢’s, or variations in intensity losses to satellites,
invalidating the use of main peak intensities plus o values (o includes
intensity from all final states). o values should be good to better than 10%
error (1). Intensity losses can vary with core level, but there are examples
here where this does not seem to be the problem.

Suppliers’ RSF’s come either from theoretical o’s (1), or from empirical
standards (2) where only main peaks are included. Except for 1%t row
elements there are significant discrepancies (>30%) between the
approaches. We discuss possible reasons and note:

(a) the suppliers’ empirical standard based RSF’s all seem to be derived
from the data of Wagner, et al. (2). That Herculean study included results
from other studies on a range of poorly characterized instruments and
samples whose surface compositions might be suspect.

(b) The discrepancies cannot be explained by the lack of inclusion of
satellite intensities for the standards approach, as any correction generally
worsens agreement.

We conclude it is time for a reexamination of the standards approach with
modern instruments and better controlled samples. It is now possible to
theoretically estimate the fraction of total intensity lost to satellites (3) and
so to establish what fraction of o should be used when relying on main
peak intensities.

1J. H. Scofield, J. Elec. Spec. 8, 129 (1976)

2 C. D. Wagner, et al, Surface Interface Analysis, 3, 211, (1981)

3 P. S. Baguset al., J. Chem. Phys., in press (2017).

8:00 AM



Tuesday Morning, October 31, 2017

11:00am AS+MI+SS-TuM-10 XPS Spin-Orbit Splitting; Multiplet Splitting;
Shake-up Losses: Implications for Determining Covalent Interactions and
for Quantitative Analysis, C. Richard Brundle, C.R Brundle & Associates; P
Bagus, University of North Texas

The “apparent” spin-orbit (S-O) splitting of metal cation core levels,
observed by XPS for 3d transition metals, can vary with the ligand (anion)
concerned, [1], even though true S-O splitting is an atomic property not
depending on the atom’s environment. However, multiplet splittings of the
core-level XPS of 3d cations depend on 3d shell occupation [1-3], so
variation in this can alter the apparent S-O splitting. Such variation should
have a consequence on the relative positions of the no-loss S-O component
peak positions (ie the XPS “apparent” S-O splitting), via the well-established
Mann and Aberg Sum Rule. [4]. Here we establish the importance of a
mechanism that also contributes to changes in the multiplet splitting, and
so in the apparent S-O splitting. This mechanism is covalent mixing of metal
cation and ligand orbitals (for example Ref [5]), which alters the exchange
integrals between core and valence electrons.

For a closed 3d shell, eg Ti** there is no possibility of multiplet splitting, but
an apparent discrepancy in the S-O component intensity ratio has been
reported (1), and an explanation proposed involving different intensity
losses to shake-up satellites from each component. Our calculations
indicate identical intensity losses, however, and a reanalysis of the
experimental data indicates that the correct intensity ratio can be
recovered by simply including the lifetime broadening of the 2pi.
component, which results in overlap between it and the 2ps, component.

We present theoretical evidence, bare cation and cluster calculations,
which provide quantitative estimates of the importance of various
mechanisms for the covalency and for changes in apparent S-O splitting.
These calculations allow comparison of “apparent S-O splitting” to “true” S-
O splitting, the latter defined as the difference of the relativistic orbital
energies of the S-O split levels. Furthermore, they permit establishing the
differing importance of covalency for different ligands, and thus a
connection to the observation of differences in core-level XPS for different
ligands [6]. These effects also have a consequence for quantitative analysis
using the 2p and 3p cation XPS peaks, which will be discussed.

1. S. A. Chambers, in Hard X-Ray Photoelectron Spectroscopy (HAXPES),
edited by J. C. Woicik (Springer, Heidelberg, 2016), Vol. 59, p. 341

2. R. P. Gupta and S. K. Sen, Phys. Rev. B, 71 (1974)

3. R. P. Gupta and S. K. Sen, Phys. Rev. B, 15 (1975)

4.R. Manne and T. Aberg, Chem. Phys. Lett. , 282 (1970)

5. P.S.Bagus, E. S. Ilton, and C. J. Nelin, Surf. Sci. Rep. , 273 (2013)

6. M. Taguchi, T. Uozumi, and A. Kotani, J. Phys. Soc. Jpn., 247 (1997)

11:20am AS+MI+SS-TuM-11 The Cu 2p Photoemission Spectra from Mixed
Oxidation States, Jorge-Alejandro Torres-Ochoa, CINVESTAV-Unidad
Queretaro, Mexico; D Cabrera-German, Universidad de Sonora, Mexico; M
Bravo-Sanchez, Instituto Potosino de Investigacidn Cientifica y Tecnoldgica
A.C, Mexico; A Herrera-Gomez, CINVESTAV-Unidad Queretaro, Mexico
Some X-ray photoelectron spectra have complicated structures that makes
the peak fitting procedure difficult, especially with transition metals.
Recent studies have shown the need to fit both branches of the 2p spectra
such as in Fe ! and Co 2 This proved that modeling both branches
concurrently is necessary to avoid errors such as area underestimation. In
this report, copper films were obtained by sublimation in ultra-high
vacuum (5.5x1078 torr) on Si(100) substrates. Immediately after deposition,
the films were characterized by X-ray photoelectron spectroscopy using a
monochromatic Al Ka source (hv=1486.7 eV). To study the initial stages of
oxidation, the films were heat treated in an ultra-high purity oxygen
atmosphere at 200 °C from 1 to 10 min.

From the photoemission spectrum, it was possible to observe three
coexisting copper species. Using the Active Background Method,® an
accurate fit was achieved for Cu 2p. Both chemical species, Cu'* (932.5 eV)
and Cu® (933.5 eV), together with their satellites (Cu'*: 946.5 eV, Cu?*:
941.1 eV, and Cu?; 943.9 eV) were clearly identified.* The fit required two
extra peaks at 934.7 eV and 942.4 eV. There is evidence that these peaks
correspond to Cu.

References

1. Bravo Sanchez, M., Huerta-Ruelas, J. A., Cabrera-German, D. & Herrera-
Gomez, A. Composition assessment of ferric oxide by accurate peak fitting
of the Fe 2p photoemission spectrum. Surf. Interface Anal. (2016).
doi:10.1002/sia.6124
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of Co 2p obtained with Al K a radiation: I: cobalt spinel. Surf. Interface
Anal.48, 252-256 (2016).
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11:40am AS+MI+SS-TuM-12 Quantifying Valence Band Offsets at
Metal\(Hf,Zr)O: Interfaces for Ferroelectric Devices, Michael Brumbach, S
Smith, M Henry, J Dickerson, D Robinson Brown, J Ihlefeld, Sandia National
Laboratories

The compatibility of HfO, deposition with current silicon microelectronic
processing make it an appealing alternative to traditional ferroelectrics. A
variety of applications, including Tunneling Electroresistance devices, can
benefit from the switchable polarization of HfO.-based thin films, first
reported in 2011. In these devices the optimal band-alignment for electron
transport is dependent on selection of top and bottom contact materials. In
this work, the valence band offset of (Hf,Zr)O, with a number of metal
contacts has been quantified by X-ray photoemission measurements.
Coupled with experiment, simulations have been performed to identify the
band offsets for successful device operation. Metal contacts investigated
include Pt, Ni, Au, Al, Ta, and TaN. For some metal films there is the
experimental consideration for the impact of air oxidation on the measured
valence band offsets. In addition to characterizing films in a bottom-up
approach, the metal layers were ion milled to thin the overlying metal and
reveal the interfacial boundary. In such cases, the oxide was removed and
valence band offset values were measured. The role of differential
sputtering in mono-atomic and the application of gas cluster ion sputtering
to alleviate differential sputtering will be discussed. Additional techniques
including inverse photoemission, UV-photoemission, and Kelvin probe will
be presented for further quantification of the valence band offsets.

Sandia National Laboratories is a multi-mission laboratory managed and
operated by National Technology and Engineering Solutions of Sandia,
LLC., a wholly owned subsidiary of Honeywell International, Inc., for the
U.S. Department of Energy’s National Nuclear Security Administration
under contract DE-NA0003525.

12:00pm AS+MI+SS-TuM-13 Quantitative Peak-Fitting Analysis of the
Photoemission Spectra of Metallic Zinc and Zinc Oxide Films, Dagoberto
Cabrera-German, Universidad de Sonora, Mexico;, G Molar-Velazquez, G
Gomez-Sosa, CINVESTAV-Unidad Queretaro, Mexico, W De la Cruz,
Universidad Nacional Auténoma de México; A Herrera-Gomez, CINVESTAV-
Unidad Queretaro, Mexico

The quantitative analysis of the X-ray photoelectron spectra of Zn and ZnO
is a challenging task due to plasmon-loss features and small binding energy
shifts that lead to inaccurate results on the assessment of the chemical
state of mixed systems of metallic zinc and zinc oxide.[1] Additionally, the
Zn 2p spectra hold a complex background that traditional background
modeling methods are unable to reproduce accurately.

We have analyzed the Zn 2p and O 1s spectra of a metallic Zn film that has
been subject to pressure and time controlled oxidations at high vacuum.
Through the state-of-the-art peak-fitting methods[2—4] we have overcome
the difficulties, as mentioned earlier, of performing a quantitative analysis
of a metal and oxide system and we have also noted several interesting
features of the Zn 2p spectrum.

We found that the assessed chemical composition for several oxygen
exposures is ZnO1.o0:0.10, this suggests that the set of peak parameters
employed to resolve the metallic and oxide photoemission signals, are
accurate and can be applied in quantitative studies.

The main characteristic of the peak-fitting procedure is that close
experimental data reproduction requires an individual assignment of
Shirley backgrounds for each peak comprising the spectra. Therefore an
accurate quantitative analysis can only be done employing the Shirley-
Vegh-Salvi-Castle (SVSC) background under the active approach.[2-4]

Another feature is that the intensity of plasmon-peaks and their
background are not accurately described by any existing energy loss
(intrinsic and extrinsic) formalism. In fact, the modeling of their background
trend requires the addition of an intense Shirley contribution, up to 10
times larger than the Shirley contribution of the main photoemission line.
These are outstanding results that suggest that these plasmon-peaks are
produced by a loss process that remains unaccounted.
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Electronic Materials and Photonics Division
Room 14 - Session EM+NS-TuM

Nanostructures and Nanometer Films for Electronic and

Photonic Devices
Moderators: Jessica Hilton, RHK Technology, Joseph Tischler, U.S. Naval
Research Laboratory

8:00am EM+NS-TuM-1 Spin Properties in Semiconductor Colloidal
Quantum Dots, Efrat Lifshitz, Russell Berrie Nanotechnology Institute, Solid
State Institute, Israel INVITED
Colloidal semiconductor quantum dots (CQDs) have been at the forefront
of scientific research for more than two decades, based on their electronic
and optical tunable properties. Recent years show a substantial interest in
spin properties with significant importance for spin-electronic, spin-
photovoltaic and spin-optical devices.

The talk includes the study of two different CQD platforms: (1) CQDs from
the 11-VI semiconductors and their diluted magnetic derivatives; (2) Halide
perovskite CQDs. Both systems show intriguing spin properties of special
scientific and technological interests.

Spins in CdSe/CdS and Mn*2@CdSe/CdS: Unpaired spins generated by an
absorption of a phonton (electron and hole) can dictate the magneto-
optical properties of the host CQDs. Furthermore, magnetic doping by
foreign ions (e.g., Mn), induces internal spin interactions between photo-
generated species and the dopant spins, leading to giant magnetization.
The current study developed a method to position the Mn ions selectively
either at the core or at the shell, by which, controlling the electron-guest
versus hole-guest exchange interaction. The materials were characterized
by magneto-optical methods, including optically detected magnetic
resonance, uncovered individual interactions with resident carriers, thus,
revealing understanding of a control of a magnetism with a benefit for
spin-based devices.

APbBr3; (A=Cs*, methylamonium)*: The perovskites are minerals that have
been studied extensively in the past. They are the focus of new interest in
recent years, due to their exceptional performance in photovoltaic cells.
Perovskites semiconductors possess high absorption coefficients as well as
long-range transport properties. Currently, they are also prepared in the
form of CQDs with very interesting properties including ferroelectricity,
magnetism and exciton effects. The magneto-optical measurements of
excitons in APbBrs as individuals were investigated by monitoring the
micro-photoluminescence spectra in the presence of an external magnetic
field, while monitoring either the circular or linear polarization
components. Gradual band splitting occurring upon the application of a
magnetic field, deviating from a common Zeeman interaction behavior,
proposes the existence of a more complex mechanism, when Rashba split
is one of the plausible interpretations.

*Collaboration with M. Kovalenko and A. Rappe

9:00am EM+NS-TuM-4 A Platform for Growth of Crystalline Thin-Film
Compound Semiconductors on Oxides, Metals, and 2-D Materials, Rehan
Kapadia, D Sarkar, W Wang, University of Southern California

The electronic and photonic circuits and systems that form the backbone of
the modern world are predicated on the ability to create high quality
semiconductors. Yet, high-performance electronic and photonic grade
semiconductors are nearly exclusively grown on lattice matched substrates.
This substrate limitation arises due to the fundamental mechanisms of
nucleation and growth in state-of-the-art vapor phase growth techniques,
which proves to be extremely limiting and costly. Here we demonstrate a
platform for growth of compound semiconductors from microscale liquid
metal templates. Using these templates, we can control nucleation and
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growth of these compound semiconductors, enabling single crystalline
devices on non-epitaxial substrates. To grow single crystalline material in
the desired form-factors, from liquid metal templates on arbitrary
substrates presents a significant challenge, as dewetting of the liquid films
prevent control over the ultimate material geometry. Through a basic
thermodynamic approach, we show that it is possible to control dewetting
on nearly any material, and subsequently grow compound semiconductors
on these same substrates. Using this approach, we demonstrate growth
and characterization of crystalline InP, InAs, and GaP, on silicon nitride,
graphene, gadolinium oxide on silicon, and metals.

Next, we show that compound semiconductors with multiple stable phases
can be grown phase-pure using this approach, using tin phosphide as the
example. We show that through tuning the growth conditions, we can
control which stable phase of tin phosphide precipitates and grows. This
control illustrates that our approach is useful for materials beyond simple
11I-V and II-IV compounds, which only have one stable phase. By carrying
out these growths at significantly non-equilibrium conditions, we
demonstrate ternary InGaP alloys, with stoichiometry control over nearly
the entire In-Ga composition range. Unlike binary lI-V or the Sn-P system,
where the stoichiometry of the precipitating compound is nearly
insensitive to the growth conditions, the ternary systems are alloys, and
consequently extremely sensitive to growth conditions, making growth of
uniform materials a potential challenge. We show that through control
over the growth conditions, we can achieve high-quality, uniform
stoichiometry ternary IlI-V alloys. Finally, we show that by enabling
nanoscale phase segregation during growth of these ternary alloys, we can
materials with extremely broadband photoluminescence curves, with
FWHMs greater than 600 meV, potentially enabling a new class of
broadband light sources.

9:40am EM+NS-TuM-6 Nanometer Thick Diffused Metal Oxide Light
Sensing Film Structures, Fred Cadieu, Queens College of CUNY and
Graduate Center of CUNY; J Monaco, Queens College of CUNY; L Mourokh,
Queens College of CUNY and Graduate Center of CUNY

Approximately 10 nm thick light sensing film structures have been
fabricated by sequentially sputtering various metals in oxygen, then in
argon, and then in oxygen again. The layers have been deposited onto
heated silicon substrates to create a diffusion region. The layered
thicknesses were calibrated by x-ray reflectivity measurements. The film
layers, being mostly oxides, exhibit a high lateral resistivity so that the
current path is through the film thickness between a grid of contacts
deposited below and on top of the film structures. For such current, a high
degree of light sensitivity, and voltage polarity sensitivity, has been
observed.! Analogous film structures have been fabricated using hafnium,?
titanium,? and aluminum such that exposure to light causes large increases
in currents for one voltage polarity, but little or no effect for the opposite
polarity. The observed phenomenology has been shown to be consistent
with a single-particle model based on the existence of interface states on
the metal-oxide interfaces.? The details of light sensitivity and current
polarity sensitivity are dependent on the deposition temperatures and
thicknesses of the film layers. Hafnium based interfaces respond
repeatedly to light pulses with current pulses up to several hundred
microamperes, while aluminum based interfaces can only respond
repeatedly with current pulses up to several tens of microamperes.

1. FJ. Cadieu, Device with Light-Responsive Layers. US Patent No.
9,040,982.

2. F.J. Cadieu and Lev Murokh, Nanometer Thick Diffused Hafnium and
Titanium Oxide Light Sensing Film Structures, World Journal of Condensed
Matter Physics7, 36-45 (2017).

11:00am EM+NS-TuM-10 Integration of Metallic Nanoparticles in Sensing
and Memory Devices for Resistance Modulation and Enhanced Switching,
Dimitris Tsoukalas, National Technical University of Athens, Greece

INVITED
In this work we present the fabrication of metallic nanoparticles (NPs) in
vacuum at room temperature and their incorporation into sensor or
memory two terminal devices emphasizing their influence on device
resistance modulation or switching. Nanoparticles were manufactured
using the gas phase condensation technique with a target of high purity.
The NPs production system consists of a smaller vacuum chamber
(Nanogen) which is connected via an aperture of diameter ~ 3 mm with a
larger central vacuum chamber in which the sample holder is mounted. The
Nanogen chamber is equipped with a DC magnetron sputtering head and in
between the Nanogen chamber and the central chamber there is a
pressure gradient, the pressure in the Nanogen being around 10 mbar
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while in the main chamber pressure is 10* mbar. The atoms produced by
the magnetron sputtering because of the high pressure in the Nanogen
chamber, undergo a short free path, colliding with the atoms of the inert
gas (Ar) and lose part of their kinetic energy. This leads to the creation of a
supersaturated vapor of the target material, which is condensed, causing
the atoms to form nuclei from the material. Due to the pressure gradient
prevailing, these nuclei move towards the central chamber. During this
movement they interact among them to form larger NPs finally entering
into the central vacuum chamber through the aperture.

Regarding the application of nanoparticle networks to sensors, our group is
focusing in the use of metallic NPs in particular for chemical, bio and strain
sensing applications. We first review the principle of operation of such
devices that is based on the change of percolation current through the NP
network when the interspace distance among NPs is modified by an
external stimuli. We then discuss the potential of integrating these sensors
on flexible substrates as well as the influence on their performance of a
protective aluminum oxide coating deposited over the nanoparticle
network.

Resistive switching memories (RRAM) based on metal oxides are emerging
as a new research field and at the same time are intensively studied as one
of the most promising candidates for future non-volatile memory
applications. We demonstrate that a wide range of non-volatile memory
properties can be affected and improved by embedding NPs into the metal
oxide matrix. The concentrated electric field effect around the
nanoparticles in combination with the charge trapping effect, are regarded
as the driving forces for the recorded switching patterns. As a result NPs
increase the on/off switching ratio and at the same time decrease the
inherent variability of RRAM.

11:40am EM+NS-TuM-12 Thin-film Metallic Glass: An Effective Diffusion
Barrier for Microelectronic Packaging, CIGS Solar Cell and Thermoelectric
Modules, C Yu, National Taiwan University of Science and Technology,
Taiwan, Republic of China; H Wu, National Sun Yat-sen University, Taiwan,
Republic of China; Jinn Chu, National Taiwan University of Science and
Technology, Taiwan, Republic of China

Thin film metallic glass (TFMG) with its amorphous nature is of great
interest owing to its unique properties, including high strength, large elastic
limits, excellent corrosion and wear resistance. For many electronics, the
atomic inter-diffusion may cause device failure or performance
degradation during either fabrication or operation. Thus, the introduction
of diffusion barrier layer in the device is a common approach to solve this
problem. Crystalline Ni- or Ti-based layers are the most common materials
for diffusion barriers. Nevertheless, grain boundaries are generally
considered as atomic diffusion path, and thus crystalline metals are not
able to block diffusion effectively. TFMG, possessing grain boundary-free
structure, is thus thought to efficiently mitigate atomic diffusion.

In this presentation, we report the effects of thin film metallic glass as
diffusion barriers on the Sn whisker mitigation in the Cu-Sn couples and the
copper indium gallium selenide (CIGS) solar cells on stainless steel (SS) as
well as the mid-temperature thermoelectric module. We found that TFMG
effectively blocks the Cu/Sn interaction even with the thickness as thin as
25 nm. In addition, with very thin thickness, the introduction of TFMG layer
is expected to yield insignificant degrees of compressive stress, which is
anticipated to occur when the samples are exposed to thermal cycling.
Furthermore, the detrimental iron diffusion from SS into CIGS is found to
be effectively hindered by the introduction of a 70-nm-thick TFMG barrier;
the cell efficiency is thus from 2.73 for bare sample to 5.25% for the one
with TFMG barrier. For application in thermoelectric module, a 200 nm-
thick Zr-based TFMG, acting as an effective diffusion barrier layer with low
electrical contact resistivity, was deposited on a high-zT Se-doped AgSbTe:
substrate. The reaction couples structured with TFMG/TE were annealed at
673 K for 8-360 hours and analyzed by electron microscopy. No observable
intermetallic compounds were formed at the TFMG/TE interface,
suggesting the effective inhibition of atomic diffusion.

12:00pm EM+NS-TuM-13 Ultra-Fast Silicon Photodiodes Achieve High
Efficiency via the Integration of Light-trapping Micro-/nanoholes, Hilal
Cansizoglu, Y Gao, K Polat, S Ghandiparsi, C Bartolo Perez, A Kaya, H
Mamtaz, A Mayet, University of California, Davis; E Ponizovskaya Devine,
W&WSens Devices, Inc.; T Yamada, University of California, Santa Cruz; A
Elrefaie, S Wang, W&WSens Devices, Inc.; S Islam, University of California,
Davis

Surface-illuminated photodiodes (PDs) for ultra-fast data transmission are
typically GaAs-based non-CMOS compatible detectors. Silicon (Si) has long
been ignored for being a material of choice in ultra-fast communication
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links due to its poor responsivity for the wavelengths >800 nm at data rates
10 Gb/s or higher. Recent demonstration of CMOS compatible surface-
illuminated Si PDs with photon-trapping micro-/nanoholes paves the way
for the use of Si at 25 Gb/s or higher data transmission rate. Such PDs
provided <30 ps full-width at half-maximum (FWHM) and above 50%
quantum efficiency (QE) at 850nm, which is over 400% higher than the QE
that a similar Si PD without absorption-enhancement micro-/nanoholes can
provide. The micro/nanoholes create an ensemble of modes that radiate
laterally by photon trapping and slow light effects, resulting in absorption
enhancement in a very thin layer of Si (<2um) which is required for high
speed operations. The broadband efficiency enhancement by photon-
trapping micro-/nanoholes enable Si to be considered as the PD material at
longer wavelengths (>870 nm) which is below the room temperature
bandgap of GaAs. Such broadband and enhanced efficiency of Si integrated
with micro-/nanoholes can be useful for applications such as short
wavelength division multiplexing (SWDM, 850-980 nm) for data centers,
automotive laser radar systems (LIDAR, 850 or 905 nm) and high-
performance computers (990-1065 nm). The CMOS-compatible fabrication
of micro-/nanoholes can allow Si PDs to be monolithically integrated with
CMOS/BICMOS integrated circuits such as transimpedance amplifiers,
equalizers, limiting amplifiers and other application specific integrated
circuits (ASIC), which can increase the achievable data rate to more than 50
Gb/s.

Exhibitor Technology Spotlight Workshops
Room West Hall - Session EW-TuM

Exhibitor Technology Spotlight
Moderator: Chris Moffitt, Kratos Analytical Limited, UK

10:20am EW-TuM-8 Development of a Novel Single Cold Cathode
lonization Gauge with Operation from High Vacuum to Atmosphere using
Advanced Manufacturing Techniques, Dave Kelly, G Brucker, MKS
Instruments, Inc., Pressure and Vacuum Measurement Group

Cold cathode ionization gauges (CCIGs) have been used for decades to
make high vacuum measurements on a variety of production equipment.
Traditionally, wide-range CCIGs involve multiple gauge techniques for
pressure measurement, making this technology cost-prohibitive and not as
robust for many industrial applications. In order to expand the scope of
CCIG technology to address cost-sensitive and rugged applications, we have
developed an innovative wide-range CCIG. This new CCIG utilizes a one
gauge technique — gaseous discharge — which is capable of measuring
pressures from high vacuum to atmosphere. Advanced manufacturing
techniques were employed that allowed for the testing and selection of
low-cost construction materials that are well suited for industrial
environments. Moreover, these manufacturing techniques allowed for a
design of this new gauge to be easily serviceable during routine preventive
maintenance cycles, lowering the overall cost of ownership for a given
application. The result of this development yielded a manufacturable low-
cost wide-range CCIG capable of accuracy that meets the needs of the
industry from 1E-7 Torr to atmosphere.

10:40am EW-TuM-9 New Developments from Thermo Fisher Scientific,
Timothy Nunney, P Mack, C Deeks, A Bushell, Thermo Fisher Scientific, UK
In this presentation we will highlight the latest developments in surface
analysis and materials analysis instrumentation from Thermo Fisher
Scientific.

Magnetic Interfaces and Nanostructures Division
Room 11 - Session MI+2D+AC+SA+SS-TuM

Novel Magnetic Order at Interfaces
Moderators: Axel Enders, University of Nebraska-Lincoln, Valeria Lauter,
Oak Ridge National Laboratory

8:20am MI+2D+AC+SA+SS-TuM-2 Transition from Spatial to Magnetic
Confinement in Graphene Quantum Dots, Fereshte Ghahari, D Walkup, C
Gutierrez, NIST; Maryland NanoCenter UMD; J Rodiguez-Nieva, Harvard
University; K Watanbe, T Taniguchi, National Institute for Materials
Science, Japan; L Levitov, MIT; N Zhitenev, J Stroscio, NIST

Recent progress in creating and probing graphene quantum dots has
offered a new platform to investigate Klein tunneling related phenomena.
The quasi-bound resonances in these circular resonators can be confined
even further by the application of a perpendicular magnetic field where
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they condense into highly degenerate Landau levels. Here, we use scanning
tunneling spectroscopy to visualize the transition from spatial to magnetic
confinement in quantum dots created in graphene/boron nitride
heterostructures. In high magnetic fields, electrons redistribute themselves
due to coulomb interactions leading to compressible regions separated by
incompressible strips.

8:40am  MI+2D+AC+SA+SS-TuM-3  Chiral and Proximity Induced
Magnetism in Magnetic Multilayers and 2D Heterostructures, Hyunsoo
Yang, National University of Singapore, Singapore INVITED
Topologically non-trivial chiral spin textures are present in systems with a
strong Dzyaloshinskii-Moriya interaction (DMI) with a spatial extent of only
tens to a few hundred nanometers. Thin film heavy metal/ferromagnetic
bi- and multilayers have emerged as an ideal candidate for the
development of such devices due to their tunability through a variation of
the constituent components and relative layer thicknesses. However, to
date, no chiral spin textures have been observed in thick ferromagnetic
multilayers in which the disperate magnetic layers are exchange coupled.
Furthermore, previous observations required either the presence of an out-
of-plane bias field or careful tuning of a geometric confining potential to
stabilize the skyrmion structure. In this work, we have imaged the
formation of room temperature Néel skyrmions in a symmetric Co/Pd
multilayer with Lorentz transmission electron microscopy for the first time
[1]. Importantly, the size of the observed skyrmions is significantly smaller
than previously reported systems in which non-multilayer films are used.
The formation and resolution of the internal spin structure of room
temperature skyrmions without a stabilizing out-of-plane field in thick
magnetic multilayers opens up a new set of tools and materials to study
the physics and device applications associated with magnetic chiral
ordering.

Due to the unique topology associated with their band structure, two-
dimensional (2D) transition metal dichalcogenides (TMDs) such as WSe;,
MoS, and WTe; provide a unique platform to develop novel electronics
using the spin-valley degree of freedom. The incorporation of the heavy
metal in the TMD suggests strong intrinsic spin orbit interactions, and could
further result in a chiral DMI. However, confirmation of the DMI in such
films and its effects on the spin ordering in the overlaying magnetic layer is
lacking. Further, it has recently been predicted that orbital hybridization at
the TMD/FM interface may occur and result in generation of a non-
negligible magnetic moment in the TMD layer. In the present study we
explore the interface induced magnetism in TMD/FM films. Finally, we also
explore the effects of DMI and generation of chiral spin textures that result
from it by measuring the imbalance between left and right-handed
domains within the ferromagnetic layer. As the polarized neutron
scattering is strongly dependent on spin chirality, this method has been
utilized to study chiral magnetism in multilayer structures with strong DMI.

[1] S. Pollard et al. "Observation of stable Néel skyrmions in

cobalt/palladium  multilayers with Lorentz transmission electron
microscopy" Nat. Comm. 8, 14761 (2017).
9:20am  MI+2D+AC+SA+SS-TuM-5 Surface Magnetism Induced by

Interstitial Defects in PbO, Elvis Arguelles, Osaka University, Japan; S
Amino, A.L.M.T. Corp, Japan, H Nakanishi, S Aspera, H Kasai, National
Institute of Technology, Akashi College, Japan; W Dino, Osaka University,
Japan

We investigated the possibility of employing the polycrystalline aPbO as a
spintronics device by first principles calculations based on the density
functional theory (DFT). In particular, we explored the effects of 3d
transition metal atom, Fe on the structural and electronic properties of the
layered aPbO (001) surface. Since it has been proven that ferromagnetic
signals in experiments are often detected in thin films[1] we used a 2x2, 3-
layered surface slab model of aPbO with 20 A of vacuum space to simulate
this environment in this study. The impurity atoms are placed in between
the surface and subsurface of the crystal. The results show that the
interstitial Fe interstitial forms shorter bonds with the oxygen atoms
located at the surface and second layers. Also, this impurity is found to
induce magnetism in the host crystal with magnetic moment value of 2.25
uB, which is highly localised on the transition metal.

In the bonding process, the Fe’s lower energy lying d states form overlaps
with nearest neighbour oxygen atoms with non-bonding d states situated
near or at the Fermi level and are spin split. These spin split orbitals induce
spin polarisation of p impurity states of oxygen atoms in the subsurface.
Moreover, the magnetic order is determined using the energy difference
between the antiferromagnetic and ferromagnetic states. The energy
difference is 0.068 eV, suggesting that Fe interstitial impurities induce
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ferromagnetism in aPbO [2]. In this workshop, the effects of charge carriers
to the magnetic properties will be briefly discussed. Finally, the position of
the Fermi level in the density of states (DOS) suggests that in the case of a-
PbO with Fe interstitials where the minority non-bonding d states are
partially filled, the Zener’s ferromagnetic double exchange mechanism may
be dominant and stabilizing the ferromagnetic state.

References:

[1] M. Venkatesan, C. B. Fitzgerald, J. G. Lunney, and J. M. D. Coey, Phys.
Rev. Lett. 93, 177296 (2007)

[2] E. F. Arguelles, S. Amino, S. Aspera, H. Nakanishi, and H. Kasai, J. Phys.
Soc. Jpn. 84, 045002 (2015)

9:40am MI+2D+AC+SA+SS-TuM-6 XMCD Quest for Magnetic Proximity
Effect in Ferromagnetic Insulator/Non-Magnetic Metal Interfaces, Andrei
Rogalev, F Wilhelm, European Synchrotron Radiation Facility, France

The rise of spin current physics together with enormous technological
advances to engineer layered structures with tailoredspin-orbit interactions
have placed 4d and 5d transition metals at the heart of the emerging fields
of spinorbitronics, magnonics and caloritronics. In this context, magnetic
properties at the interfaces between a ferromagnetic materials and non
magnetic metals with large spin-orbit coupling play a central role. Some of
those heavy metals like Pt or Pd are known to exhibit so-called magnetic
proximity effect, i.e. they acquire interfacial induced magnetic moments
whenever they are in contact with 3d metallic ferromagnets. However,
when they are grown on magnetic insulators, e.g. yttrium iron garnet (YIG),
whether induced magnetic moments are indeed ubiquitous is still an open
question as contradictory reports have been published. This is indeed the
key question for correct interpretation of the spin Hall magnetoresistance
or the newly discovered unidirectional magnetoresistance phenomena and,
in more general,to understand mechanisms of pure spin currents
generation. To answer this question and to unravel a possible role of
magnetic proximity effects at ferromagnetic/non-magneticinterfaces, X-ray
magnetic circular dichroism (XMCD) spectroscopy appears to be the
method of choice due to its element selectivity and high sensitivity. In this
talk,we present a thorough review of XMCD experiments aimed at
detection of magnetic proximity effect in a variety of ferromagnetic
insulator/non-magnetic metal interfaces.

11:40am MI+2D+AC+SA+SS-TuM-12 Depth-Dependent Measurement of
Atomic Valence and Magnetization in Lao.7Sro.3MnOs Magnetic Thin Films,
Mikel Holcomb, R Trappen, S Kumari, N Mottaghi, S Yousefi Sarraf, C
Huang, G Cabrera, West Virginia University

Magnetic thin films often lose their magnetic order and even bulk materials
can have significant deviations of the magnetic order and other properties
near surfaces and interfaces. In strongly correlated oxides, there are many
competing parameters affecting the material properties, complicating the
understanding of these systems. We utilize a combined approach of bulk
and surface sensitive techniques measuring many film thicknesses to back
out layer-by-layer properties in Lao7Sro3sMnOs (LSMO) thin films. Strong
changes from the bulk are observed for surfaces and interfaces. We will
compare these models with theoretical predictions. LSMO has been widely
proposed for diverse applications such as tunnel junctions and solid oxide
fuel cells. Experimental support is provided by NSF (DMR-1608656).
Theoretical support is provided by DoE (DE- SC0016176).

12:00pm MI+2D+AC+SA+SS-TuM-13 Coherent Magnetization Rotation of
FeGa/NiFe Multilayers via Strain-Inducing Electric Field, Colin Rementer,
University of California at Los Angeles; M Jamer, NIST; A Barra, University
of California at Los Angeles; J Borchers, A Grutter, B Kirby, NIST;, G Carman,
J Chang, University of California at Los Angeles

The ability to reduce the size of antennae would enable a revolution in
wearable electronics, extendable to implantable electronic devices.
Antenna miniaturization could be enabled by multiferroic materials, which
enable the efficient control of magnetic via electricity. Multiferroic
antennae, composed of coupled ferromagnetic and piezoelectric phases,
could reduce antenna size by up to five orders of magnitude. This requires
a magnetic material that is low loss, has an easily rotatable magnetization
and is able to convert magnetic field to strain via magnetostriction.

Galfenol (FessGais, or FeGa) is a promising magnetic material due to its
large magnetostriction (>200 ppm), high piezomagnetic coefficient (3
ppm/Oe), and high stiffness (70 GPa), but has high loss in the GHz regime.
Permalloy (NisiFeis or NiFe) is a soft magnetic material that has very low
loss in the GHz regime (<20 Oe) but almost no magnetostriction. In this
work, multilayer laminates containing alternating FeGa/NiFe layers were
fabricated to reduce loss at high frequencies and properties were tuned via
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layer number and thickness. In this work, optimized multilayer laminates
containing alternating FeGa/NiFe layers were shown to exhibit desirable
magnetic softness (<20 Oe), narrow FMR line width (<40 Oe), high
permeability (>400), and strong magnetostriction (> 70 microstrain). The
focus of this work is to determine if the rotation of the magnetization of
the individual layers is coherent with applied strain.

Polarized neutron reflectometry was used to determine the depth profiles
of the structure and in-plane vector magnetization as functions of applied
magnetic field and voltage. Initial studies showed that a FeGa/NiFe
superlattice with the structure (20 nm FeGa/7 nm NiFe)/20 nm FeGa
demonstrated coherent and linear rotation of magnetization with applied
strain. To probe the thickness dependence of this rotation, three single
NiFe/FeGa bilayers were fabricated on PMN-PT [011] with 40 nm, 20 nm
and 7 nm of NiFe on a base layer of 20 nm FeGa. Application of 400 V
results in an enormous increase in spin-flip scattering, unambiguously
demonstrating a substantial rotation of the magnetization perpendicular to
the applied magnetic field direction for all samples measured.
Micromagnetic and finite element simulations support the experimental
results, showing coherent rotation of the magnetization with only small
deviations with thicker NiFe layers. These measurements provide direct
evidence of a voltage-induced rotation of the both the NiFe and FeGa
magnetization as well as a means to separate the response of the
magnetostrictive and non-magnetostrictive layer components.

MEMS and NEMS Group
Room 24 - Session MN+BI+EM+SS+TR-TuM

Microelectromechanics: Relays to RF/Surfaces in Micro-

and Nano- Systems
Moderators: Sushma Kotru, University of Alabama, Roya Maboudian,
University of California at Berkeley

8:00am MN+BI+EM+SS+TR-TuM-1 The Industrialization of MEMS through
Materials Innovations, Chris Keimel, Menlo Micro INVITED
For the past 150 years, the mechanical relay was one of the original
building blocks of electrical systems, for power electronics, controls, and
even computing. With the introduction of the transistor in the middle of
the 20 century, many industries were transformed with the introduction
of ubiquitous, low-cost switches (solid-state) that could be manufactured
by the billions with highly advanced equipment and manufacturing
processes. Still today, many industries, especially power distribution and
controls, are still not able to live with the tradeoffs of solid-state
technologies (leakages, losses, lack of air-gap, thermal) and continue to
employ large, slow, and costly mechanical relays which have evolved only
slightly over the past 50+ years. The miniaturization of the mechanical relay
through MEMS technology, coupled with materials innovations, will enable
a new class of devices capable of connecting (wireless control) and
controlling (distributed power) today’s and the futures billions of
automated electrical nodes.

We have developed electrostatically actuated MEMS relays capable of
switching in ~3usec, sustaining more than 400V across its open contacts
and controlling loads of 10s of watts to a few kilowatts. Ohmic MEMS
switch with creep resistant metal alloy beams, and a highly reliable
ruthenium contact has been developed based on methodical failure mode
analysis taking into account material, mechanical and electrical constraints.
The ohmic relays, when applied to RF applications, deliver multi throw
configurations capable of <0.3dB insertion loss from DC to 3GHz combined
with the ability to handle 25W of RF power.

A metal MEMS switch technology has been developed from the ground up
through material, process, device, package and electronic integration
innovations. The combination of fast microsecond switching speed and
broadband (DC to RF) signal operation along with the ability to control
amperes of current and sustain hundreds of volts across micron sized air
gaps has enabled the miniaturization of the mechanical relay for broad
ranging applications from wireless infrastructure to the Industrial IOT.

8:40am MN+BI+EM+SS+TR-TuM-3 Electron-Phonon Waltz:
Acoustoelectrics in MEMS, Dana Weinstein, Purdue University INVITED
The Acoustoelectric (AE) effect is a result of the interaction between free
charge carriers and the electrical deformation potential produced by a
propagating elastic wave in the piezoelectric. When an external DC electric
field is applied across the semiconductor in the direction of the
propagating wave, a drift velocity (vd) is imparted to the free carriers. If the
drift velocity is slower than (or opposite to) the acoustic wave velocity (vs),
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the electrical deformation potential lags behind the strain wave. This phase
lag not only decreases the acoustic wave velocity, but also transfers energy
from the acoustic wave to the electrons, increasing the acoustic losses.
When a sufficient DC field is applied to cause the drift velocity to exceed
the acoustic wave velocity, the electrical deformation potential now leads
the strain wave. This transfers energy from the electrons to the acoustic
wave, resulting in an increased acoustic velocity and net acoustic gain
[1,2,3,4].

A large body of work based on AE was established in the 1960s and 70s,
resulting in a range of devices from phase shifters to correlators. With the
development of new materials and new processing needs, there has been a
recent resurgence of interest in this field, particularly for its amplifying and
inherently non-reciprocal properties. Here, we discuss the implications of
the AE effect for GHz frequency electromechanical signal processing. RF
applications, linearity, and noise of the AE effect will be examined. Finally,
benefits and limitations of prospective semiconductor/piezoelectric
material systems will be discussed.

[1] J. H. McFee, “Transmission and Amplification of Acoustic Waves in
Piezoelectric Semiconductors," Phys. Acous. A, vol. 4, 1-45 (1966).

[2] D. L. White, “Amplification of Ultrasonic Waves in Piezoelectric
Semiconductors," Journal of Applied Physics, vol. 33, no. 8, pp. 2547-2554,
Aug. 1962.

[3] B. K. Ridley, “Space charge waves and the piezo-electric interaction in
2D semiconducting structures," Semiconductor Science and Technology,
vol. 3, no. 6, p. 542, 1988.

[4] G. S. Kino and T. M. Reeder, “A normal mode theory for the Rayleigh
wave amplifier,” in IEEE Transactions on Electronic Devices, vol. 18, no. 10,
pp. 909-920, Oct. 1971.

9:20am MN+BI+EM+SS+TR-TuM-5 Autonomous Oscillations of a MEMS
Resonator, David Czaplewski, Center for Nanoscale Materials, Argonne
National Laboratory; C Chen, D Lopez, Argonne National Laboratory; D
Zanette, Centro Atomico Bariloche and Instituto Balseiro; S Shaw, Florida
Institute of Technology

Resonant MEMS and NEMS structures are used in a wide variety of
applications including mass and force sensing, time keeping, and quantum
information. For all MEMS and NEMS resonators, energy is lost every cycle
of oscillation to the environment (modeled as a coupled bath). If this
energy is not restored by an external source, the amplitude of the resonant
motion will decrease toward zero. This well-known effect is commonly
referred to as “ring-down”. For linear resonators, the frequency of the
resonator will remain constant and the amplitude will decreases
exponentially while for non-linear resonators, the amplitude will decrease
exponentially and the frequency will simultaneously decrease toward the
linear response due to the amplitude-frequency (a-f) effect. However, we
demonstrate a non-linear resonator that has constant frequency and an
amplitude that does not decay for a given period of time (~ 0.1 s) after
discontinuing the restoring energy to the system. We call this time
“coherence time” because the amplitude and frequency of the oscillation
does not decay when the restoring energy is removed. In essence, the
resonator is autonomous during coherence time. Unfortunately or
fortunately, this behavior does not violate the second law of
thermodynamics. The behavior can be explained by looking at the entire
system. We drive a non-linear MEMS resonator to a frequency where the
primary mode couples with another internal mode. When the resonator is
actively driven, the higher order mode receives energy from the primary
mode. When the external energy is discontinued, this energy is restored
back to the primary mode allowing the primary mode to continue to
oscillate. However, once the energy stored in the higher order mode is
depleted (its amplitude is near zero), the behavior of the primary mode
begins to “ring-down”. During this talk, | will show characteristics of the
coupled modes including operation with constant frequency and a non-
decaying amplitude for a period of time with no drive.

9:40am MN+BI+EM+SS+TR-TuM-6 Metallic Glass for MEMS Microphone
Device, MaiPhuong Nguyen, WPI-Advanced Institute for Materials
Research (WPI-AIMR)/ Micro System Integration Center (uSIC), Tohoku
University, Japan; J Froemel, WPI-Advanced Institute for Materials Research
(WPI-AIMR), Tohoku University, Japan; S Tanaka, Graduate School of
Engineering/ Micro System Integration Center (uSIC), Tohoku University,
Japan

Micro Electro-Mechanical Systems (MEMS) microphones have been
extensively developed and introduce into mobile phones market with high
performance such as high signal to noise ratio, good sensitivity, and power
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consumption and good reliability in term of packages. Up to now, most
studies have been focused on the improvement of sensitivity of
microphone which is proportional to the compliance of the membrane.
However, no significant progress has been achieved due to the limitation of
material itself. Generally, single crystal and polycrystalline silicon based
devices are brittle and fracture causing the interior defects during the
fabrication processes. Therefore, the research of new materials to
substitute polycrystalline silicon is necessary. Amorphous metals exhibit no
grain boundaries, crystal defects and excellent mechanical properties such
as fatigue free, large elastic limit, high strength, corrosion resistance which
has been promising materials for MEMS devices such as micro-scanner, RF
MEMS varactor, capacitive switch ... Metallic glasses are a kind of
amorphous alloy exhibiting viscous flow at a certain temperature range so-
called “supercooled liquid region”. In the supercooled liquid region,
metallic glasses can be easily produced through a variety of fast-cooling
methods and have excellent mechanical formability. In addition, metallic
glass thin films are easily prepared on Si or SiO: substrates by sputtering
technique which is compatible with MEMS processes such as
photolithography, dry or wet etching and lift off processing. Therefore,
characterization and fabrication of metallic glasses films deposited by
sputtering for MEMS microphone will be studied.

The CoTaB films with thicknesses in the range of 100 nm to several
micrometers have been successful deposited on thermal SiO2 substrates by
rf-sputter technique. The amorphous structure with smooth surface and
negligible magnetic property was confirmed by TEM, AFM, XRD and
SQUIDS measurement, respectively. The metallic glass behavior was
investigated by DSC analysis which shows the glass transition and
crystalline temperature of 700 and 720.9 C, respectively. In addition, the
mechanical properties such as stress, stress gradient and Young modulus
have been studied by using pointer and cantilever structure. Co-based
metallic glass exhibited tensile and compressive stress depending on
sputter conditions, thicknesses as well as further treatment process.
Additional results will be presented in detail at the conference with an
emphasis on the dependence of the process conditions.

11:00am MN+BI+EM+SS+TR-TuM-10 Role of Surfaces in Assembly of Ceria
Nanostructures, Sudipta Seal, University of Central Florida INVITED
Cerium is a rare earth element of the lanthanide series with a fluorite
lattice structure. The cerium atom can exist in either 3+ or 4+ states, and
may alternate between the two in a redox reaction that is more
pronounced in nanoparticles. However, the physicochemical properties of
a nanocrystal assembly can be different from the properties of both the
individual nanoparticles and the bulk phase. We have synthesized ceria
nanoparticles in various medium and studied the self-assembly of particles
to octahedral and star shaped nanostructure assembly. It was further
identified that the concentration of Ce4+ in nanoceria decreases over time,
further controlling the surface chemistry. We will also highlight some of the
key aspects of self-assembly of CeO. into nanorods. The surface area
available and the orientation of crystallographic planes in ceria
nanostructures highly regulate the catalytic property at nanoscale as
evident by high resolution TEM. Further we discuss the role of Madelung
energy and its relation to the catalytic activity, which is important in
sensing and other analyte interactions. The surface chemistry or the ratio
of Ce3*/Ce** can be extensively modulated by the assembly process. At the
end we report, the feasibility of a novel H,0: based electrochemical sensor
that directly measures the current response of multivalent ceria in
presence of H,0,. The fabricated sensor showed a picomolar range limit of
detection while remaining insensitive to interfering species. Peroxide
sensing is very important in biologically relevant oxidative stress in cells. It
was observed that a lower ratio of Ce3*:Ce** redox states elicits a greater
current response towards H202 The detection of such electroactive analytes
make it easier to detect using normal nanoparticle modified electrodes,
thereby eliminating the use of organic mediators.

11:40am MN+BI+EM+SS+TR-TuM-12  Optimization and Nano-
characterization of Electrostrictive Response of Gd-doped Ceria
Actuators, Sidney Cohen, E Mishuk, E Makagon, E Wachtel, K Rechav, R
Popovitz-Biro, | Lubomirsky, Weizmann Institute of Science, Israel

Gd-doped ceria (GDC) recently attracted great interest due to its non-
classical (non-Newnham) electrostrictive behavior. Although the material is
well-known for its ionic conduction properties and use in solid-oxide fuel-
cells, it also holds great promise for incorporation into MEMS devices
because it is completely inert with respect to silicon compounds. The fact
that GDC is lead-free is particularly appealing.
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Here, we demonstrate fabrication and testing of membrane actuators
formed with near 100% vyield by a relatively simple, low temperature
process. Preparation of these devices involves magnetron-sputtering of a
thin film of GDC onto Si, and further processing using standard
micromachining, resulting in free-standing membranes. Bridge and
cantilever structures have been fabricated as well, to explore the possibility
for diverse functional devices. The films were structurally characterized by
electron microscopy and by x-ray diffraction, whereas electrical
characterization was performed using impedance spectroscopy and cyclic
voltammetry. These electrical tests revealed details of the conduction
mechanism, role of the contacts, and charge-trapping.

Scanning probe microscopy was applied to quantitatively characterize the
energetics and mechanics of the electromechanical response:
Displacement of a circular membrane was measured by recording
displacement of the cantilever probe under feedback as a function of
frequency and applied voltage, and temporal Joule heating recorded using
a scanning thermal probe. These measurements support calculations of
heat-induced strain at high frequencies. These measurements showed that
displacements obtained are sufficient for practical applications and
provided insights on the factors controlling performance.

12:00pm MN+BI+EM+SS+TR-TuM-13 Sustainable Thermoregeneration of
Plastrons on Superhydrophobic Surfaces, Tomer Simovich, Ruhr-University
Bochum, Germany; J Arnott, The University of Melbourne, Australia, A
Rosenhahn, Ruhr-University Bochum, Germany, R Lamb, Canadian Light
Source, Canada

A popular and desirable function of superhydrophobic coatings is their
remarkable ability to retain an entrapped layer of air, called a plastron,
when submerged underwater. The drawback is that the air layer is short
lived due to solvation into the surrounding liquid. Liquid gas extraction has
been explored for the purpose of respiration through oxygen filtering or
generation via chemical reaction. Manipulating solubility through
temperature has been attempted but due to its inefficiencies has not been
developed further into functioning technologies. This paper introduces a
novel method of extracting gas from water to generate enough air to
permanently stabilize a plastron on superhydrophobic surfaces for
sustained anti-fouling, rust resistance and drag reduction abilities. This
method involves locally heating the liquid surrounding a superhydrophobic
coating, reducing gas solubility causing the gas to migrate to the liquid-air
interface. Due to the low surface energy of superhydrophobic coatings,
nucleation of supersaturated gasses occurs preferentially at the coating
interface, thereby replenishing the plastron. This requires a relatively low
energy input, due to the small volume of water required to be locally
heated combined with the small temperature differential induced between
substrate and liquid. This process may be more environmentally
sustainable in comparison to competing methods. With a constant supply
of equilibrated water and minimal energy input, the plastron can survive
indefinitely without need for the mechanical application of additional gas.

Nanometer-scale Science and Technology Division
Room 19 - Session NS+EM+MI+SS-TuM

Nanoscale Electronics and Magnetism
Moderators: Keith Brown, Boston University, Aubrey Hanbicki, Naval
Research Laboratory

8:00am NS+EM+MI+SS-TuM-1 Nanometrology and Nanocharacterization
in Nanoelectronics, Alain C. Diebold, SUNY Polytechnic Institute  INVITED
As the so called technology node for integrated circuits moves below 10
nm, new transistor and interconnect materials as well as new device
structures are moving from research into development. Pseudomorphic
semiconductor films such as Sii«Gex on Si are expected to transition to
Ge/Si1xGex/Si or to I1I-V epilayers. The current lithographic processing used
to pattern FinFETS is based on the Quadruple Spacer Patterning process
which can result in two values of pitch walking. This greatly complicates in-
line metrology. The FinFET itself will likely be replaced by nanowire
transistors having multiple vertically stacked nanowire channels. Another
alternative is the nano-sheet transistor. Beyond these evolutionary
changes, longer term devices based on 2D materials are being investigated.
These include graphene, transition metal dichalcogenides, and
topologically protected materials. This talk will cover the advanced
measurements being used to address the challenges associated with these
new materials and structures. The talk will cover measurement methods
including high resolution X-ray diffraction (XRD), XRD reciprocal space
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mapping, Mueller Matrix spectroscopic ellipsometry base scatterometry,
and advanced electron microscopy.

9:00am NS+EM+MI+SS-TuM-4 Measurement of Resistance Induced by a
Single Potassium Atom on Chiral-Angle Known Nanotubes: Understanding
the Impact of a Model Scatterer for Nanoscale Sensors, Masahiro
Ishigami, University of Central Florida; R Tsuchikawa, University of Utah,; D
Heligman, Ohio State University; B Blue, University of Central Florida; Z
Zhang, Columbia University; A Ahmadi, E Mucciolo, University of Central
Florida; J Hone, Columbia University

Even atomic impurities are expected to impact device properties of carbon
nanotubes. Such sensitivity makes them ultimately useful for sensor
technologies. Rational design for nanotube-based sensors requires precise
understanding of how impurities impact transport properties of nanotubes.
Such impurity-induced carrier scattering is expected to be dependent on
the chirality of nanotubes and the nature of scattering potentials imposed
by impurities. Yet until our recent measurements, it has been impossible to
measure the impact of impurities on resistance of carbon nanotubes with
known chirality.

We have developed arrays of experimental techniques to control
experiments down to atomic scale to measure the scattering strength of
charged impurities on semiconducting single-walled carbon nanotubes with
known chirality. The resistivity of nanotubes is measured as a function of
the density of adsorbed potassium atoms, enabling the determination of
the resistance added by an individual potassium atom. Holes are scattered
37 times more efficiently than electrons by an adsorbed potassium atom.
The determined scattering strength is used to reveal the spatial extent and
depth of the scattering potential for potassium, a model Coulomb
adsorbate, paving way for rational design of nanotube-based sensors. Our
results are published in Phys. Rev. B [94, 045408 (2016)].

9:20am  NS+EM+MI+SS-TuM-5 Atomic Electronics for Quantum
Computing, Michelle Simmons, University of New South Wales, Australia
INVITED
Extremely long electron spin coherence times have recently been
demonstrated in isotopically pure Si-28 [1] making silicon one of the most
promising semiconductor materials for spin based quantum information.
The two level spin state of single electrons bound to shallow phosphorus
donors in silicon in particular provide well defined, reproducible qubits [2]
and represent a promising system for a scalable quantum computer in
silicon. An important challenge in these systems is the realisation of a two-
qubit gate, where we can both position donors with respect to each other
for controllable exchange coupling and with respect to charge sensors for
individually addressing and reading out the spin state of each donor with
high fidelity.
To date we have demonstrated using scanning tunneling microscope
hydrogen lithography how we can precisely position individual P donors in
Si [3] aligned with nanoscale precision to local control gates [4] and can
initialize, manipulate, and read-out the spin states [5,6] with high fidelity.
We now demonstrate how we can achieve record single-electron readout
fidelity for each of two donor based dots of 99.8%, above the surface-code
fault tolerant threshold. We show how by engineering the quantum dots to
contain multiple donors we can achieve spin lifetimes up to 16 times longer
than single donors. Finally we show how by optimising the interdonor
separation and using asymmetric confinement potentials we can create
controllable exchange coupling in these devices. With the recent
demonstration of ultra-low noise in these all epitaxial devices [7] these
results confirm the enormous potential of atomic-scale qubits in silicon.

[1]J. T. Muhonen et al., Nature Nanotechnology 9, 986 (2014).

[2] B.E. Kane, Nature 393, 133 (1998).

[3] M. Fuechsle et al., Nature Nanotechnology 7, 242 (2012).

[4] B. Weber et al., Science 335, 6064 (2012).

[5] H. Buch et al., Nature Communications 4, 2017 (2013).

[6] T.F. Watson et al., Physical Review Letters 115, 166806 (2015).
[7]1S. Shamim et al., Nano Letters 16, 5779 (2016).
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11:00am NS+EM+MI+SS-TuM-10 Electronically Abrupt Borophene/organic
Lateral Heterostructures, Xiaolong Liu'2, Z Wei, | Balla, A Mannix,
Northwestern University, N Guisinger, Argonne National Laboratory;, E
Luijten, M Hersam, Northwestern University

Two-dimensional (2D) boron, known as borophene, has recently been
experimentally realized? following theoretical predictions.®> As an
elementary 2D material, borophene is determined to be metallic like
graphene, but also possesses a high degree of in-plane anisotropy like
phosphorene. Thus far, all experimental studies have been performed on
borophene alone, whereas borophene-based electronic applications will
require precise integration of borophene with other materials. Here, we
demonstrate the self-assembly of a borophene/organic lateral
heterostructure®. Upon the deposition of perylene-3,4,9,10-tetracarboxylic
dianhydride (PTCDA) on sub-monolayer borophene on Ag(111), the
molecules preferentially self-assemble into monolayers on bare Ag(111),
forming borophene/PTCDA lateral heterostructures spontaneously. This
phenomenon is consistent with a lower adsorption energy of PTCDA
molecules on borophene, as modeled via molecular dynamics simulations.
The formation of the heterostructure leaves the chemical integrity of
borophene unperturbed as supported by in situ X-ray photoelectron
spectroscopy. In addition to structural properties, atomic-scale ultra-high
vacuum scanning tunneling microscopy and spectroscopy reveal strong
electronic contrast between the two materials and an electronically abrupt
heterojunction with a transition distance of ~1 nm (i.e., approximately the
size of one PTCDA molecule). Across this transition region, the differential
tunneling conductance curves change from the metallic electronic
structure of borophene to the semiconducting molecular orbitals of PTCDA,
suggesting the formation of an atomically abrupt 2D metal-semiconductor
junction. Overall, the results of this study are likely to inform future
research on borophene functionalization for nanoelectronic applications.

1. A. J. Mannix, X.-F. Zhou, B. Kiraly, J. D. Wood, D. Alducin, B. D. Myers, X.
Liu, B. L. Fisher, U. Santiago, J. R. Guest, M. J. Yacaman, A. Ponce, A. R.
Oganov, M. C. Hersam, N. P. Guisinger, Science350, 1513-1516 (2015).

2. B. Feng, J. Zhang, Q. Zhong, W. Li, S. Li, H. Li, P. Cheng, S. Meng, L. Chen,
K. Wu, Nat. Chem.8, 563-568 (2016).

3.Y. Liu, E. S. Penev, B. I. Yakobson, Angew. Chem. Int. Ed.52, 3156-3159
(2013).

4. X. Liu, Z. Wei, I. Balla, A. J. Mannix, N. P. Guisinger, E. Luijten, and M. C.
Hersam, Sci. Adv. 3, €1602356 (2017).

11:20am NS+EM+MI+SS-TuM-11 Mechanical Characterization of Heat
Dissipation in a Current-driven Ferromagnetic Resonance System, S Cho,
M Jo, S Park, J Lee, C Yang, S Kang, Seoul National University, Yun Daniel
Park, Seoul National University, Republic of Korea

Heat dissipation in current-driven ferromagnetic resonance (FMR) system is
characterized by monitoring the mechanical resonance, which shifts are
governed by thermoelastic properties. Realization of a free-standing
Permalloy (Py)/Pt bilayer strip, with an added mechanical degree of
freedom, advantageously integrates means to separately measure
mechanical resonance, by piezoresistive transduction in Pt [1], and FMR by
using the spin-torque FMR (ST-FMR) measurement technique [2]. Heat
generated by the precessing magnetization under an electric driving
current are selectively investigated by monitoring the mechanical
resonance shift, which are immune and independent to thermoelectric
effects. By comparing the angular dependence to the applied magnetic
field direction of the two FMR spectroscopies, ST-FMR and mechanical heat
reaction, we find that Joule heat resulting from a time-dependent
magnetoresistance, which in turn arises from the precessing magnetization
and electrical current, cannot be overlooked in addition to the intrinsic
FMR heat dissipation.

[1] H. Bhaskaran et al. Appl. Phys. Lett. 98, 013502 (2011).
[2] L. Liu et al., Phys. Rev. Lett. 106, 036601 (2011).

11:40am NS+EM+MI+SS-TuM-12 The Exciting Physics of Spin Chains
Coupled to a Metallic Substrate, Roland Wiesendanger, University of
Hamburg, Germany INVITED
A magnetic nanowire on the surface of a spin-orbit coupled s-wave
superconductor is a fascinating platform, which has been proposed for
observing the emergence of zero-energy Majorana bound states at the
ends of the wires [1]. Majorana fermions can encode topological qubits and
ultimately provide a new direction in topological quantum computation [2].

1 National Student Award Finalist
2 NSTD Student Award Finalist
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Most recently, evidences for topologically non-trivial end-states were
experimentally found for self-assembled ferromagnetic Fe nanowires on
superconducting Pb(110) substrates by using scanning tunneling
microscopy and spectroscopy (STM/S) as well as non-contact atomic force
microscopy methods [3-6]. However, self-assembled nanowires of Fe on Pb
surfaces have unavoidable limitations, such as (1) intermixing of atomic
species of the nanowire and the substrate during the annealing process,
and (2) uncontrolled length and orientation of the nanowires.

Here, we demonstrate the fully-controlled bottom-up fabrication of
artificial 1D atomic chains from individual magnetic Fe adatoms on high
spin-orbit coupled non-superconducting Pt(111) and superconducting
Re(0001) substrates by utilizing STM-based atom-manipulation techniques
at T=350 mK. Spin-polarized STM measurements indicate the presence of
non-collinear spin textures, i.e. spin spiral ground states, stabilized by
interfacial Dzyaloshinskii-Moriya interactions similar to self-assembled Fe
chains on Ir(001) investigated earlier [7]. The problem of intermixing is
avoided by the low-temperature fabrication of the chain and an
appropriate choice of the substrate, while single-atom manipulation allows
the construction of chains with a given number of atoms and orientation.
Tunneling spectra measured spatially resolved on the Fe-atom chain on
Re(0001) reveal the evolution of the local density of states (LDOS) inside
the superconducting gap as well as the development of zero-energy bound
states at the ends of the chain, which are distinguishable from trivial end
states by systematically increasing the number of atoms within the Fe-
atom chain. The experimental results will be compared with model-type
calculations supporting the interpretation of the spectroscopic signatures
at the ends of the chains as Majorana bound states.

(work done together with Howon Kim and Khai Ton That).
References

[1] H.-Y. Hui et al., Sci. Rep.. 5, 8880 (2015).

[2] J. Alicea et al., Nature Phys. 7, 412 (2011).

[3] S. Nadj-Perge et al., Science 346, 602 (2014).

[4] M. Ruby et al., Phys. Rev. Lett. 115, 197204 (2015).

[5] R. Pawlak et al., NPJ Quantum Information 2, 16035 (2016).
[6] B. E. Feldman et al., Nature Phys. 13, 286 (2017).

[7] M. Menzel et al., Phys. Rev. Lett. 108, 197204 (2012).

Plasma Processing for Biomedical Applications Focus Topic
Room 12 - Session PB+BI+PS-TuM

Plasma Medicine
Moderator: Katharina Stapelmann, Ruhr-University Bochum, Germany

8:00am PB+BI+PS-TuM-1 Spatial Distribution of Biological Effects Induced
by Plasma Reactive Species, Sylwia Ptasinska, University of Notre Dame

INVITED
Several in vitro and in vivo studies have been conducted in a variety of
cancer cell lines that demonstrate the efficacy of cold plasmas in causing
cell death since the advent of this new research area in the plasma physics
community in 2010. Due to the complexity of both the plasma and
biological systems, many questions must be answered to sharply improve
our understanding of the physical, chemical, and biological processes
underlying their interactions. However, since cold plasmas produce a
cocktail of reactive oxygen species (ROS) and reactive nitrogen species
(RNS), these species are believed to be key agents that can induce a
number of biological effects, including impairment of cell substructures and
even cell death. Moreover, cancer cells have proven to be more susceptible
to damage by these reactive species than normal cells subjected to plasma
exposure. The outcome of cell responses to plasma treatment has inspired
the potential application of plasma as an effective and safe tool for novel
cancer therapy. Our research focuses on investigations of nucleus DNA
damage in cancer cells and bacterial inactivation caused by exposure to
plasma reactive species. Initially, to detect ROS and RNS that reached the
targeted biological systems we used semi-quantitative test strips, while to
investigate biological effects in cells we used digital imaging or
immunofluorescence microscopy. Recently, to obtain the high-resolved
spatial distribution of DNA strand breaks we developed a workflow with
algorithms for image analysis using CellProfiler and MATLAB, including
background correction, cell segmentation, feature extraction, cell
classification, and data visualization. This method well preserves the
essential spatial information about cell distribution, which is critical
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because of the localized nature of the plasma jet treatment. By applying
both supervised and unsupervised machine learning techniques to the
images, we were also able to classify the cells according to different cell
cycle phases, and thus obtain spatial information regarding plasma jet
effects on cell cycle progression.

8:40am PB+BI+PS-TuM-3 Mechanisms of Cell Death in Prostate Epithelial
Cells after Treatment with Low Temperature Plasma, J Packer, A Hirst, F
Frame, Deborah O'Connell, N Maitland, University of York, UK
Low-temperature plasma (LTP) treatment of cancer cells have been
explored for a variety of malignancies. These plasmas, operated at
atmospheric pressure and close to room temperature, are efficient sources
of reactive oxygen and nitrogen species (RONS), electric fields and photons,
and can induce a variety of biological responses. There is an increasing
clinical move towards focal therapy for more conservative management of
prostate cancer, with reduced levels of common side effects such as
incontinence and impotence compared with radical treatments, and
promising outcomes. Low-temperature plasmas may offer such potential.

A dielectric barrier discharge jet, created within a glass tube surrounded by
two electrodes (~ 6 kV applied sinusoidal voltage), with a helium plus 0.3%
oxygen gas flow is used for these investigations. We have employed both
purified tumour cells freshly extracted from prostate cancer patients, and
matching, non-tumour cells from a distant region of the same prostate.
Freshly isolated primary tumour cells acts as a near patient model, which
has recently confirmed differences in pharmacological susceptibility as
compared with 30 year old established cell lines.

Treatment of primary prostate epithelial cells with LTP resulted in sigificant
cell death in both normal and cancer cells; and no significant selectivity
observed, as commonly reported. In addition, most cells appeared to die
via a necrotic mechanism, rather than apoptosis, maybe as a result of the
mitochondrial toxicities of the LTP-activated reactive oxygen species (ROS).
However, some autophagy was also detected, which has been shown to act
as a salvage pathway for sub-lethally damaged cells.

To determine which of the multiple plasma activated bio-reactive species
are responsible for the cytotoxicity, we have explored immediate and
longer-term effects on gene expression, with a particular focus on oxidative
responses, in multiple patient samples. Comparative studies in the
established cell lines indicated a delayed and different response,
highlighting that cell lines don’t always reflect the response of primary
cells. Expression of 84 genes (mMRNA by RT? arrays from Qiagen) was
assessed at multiple time points, after a 3 minute LTP treatment, and
candidate genes/response pathways were identified. Immunofluorescence
and western blotting were used to verify changes in protein expression.
The response varied according to the clinical grade of the tumour (including
a remarkable downregulation of 18 factors only seen in the highest grade
tumours). All epithelial cells showed a stimulation of transcription factor-
driven anti-oxidative response, as a potential resistance mechanism.

9:00am PB+BI+PS-TuM-4 Selective Antitumor Effect of the Plasma-
Activated Medium Produced by Atmospheric Pressure Plasma with High
Plasma Density, Yohei Takahashi, Y Taki, Nikon Corporation, Japan;, K
Takeda, Meijo University, Japan, H Hashizume, H Tanaka, M Hori, Nagoya
University, Japan

Recently, atmospheric pressure plasma has been widely developed for the
applications on various fields, such as synthesis approaches, surface
modification, sterilization, etc. Especially, cancer therapy using
atmospheric pressure plasma is one of the most attractive applications.
The culture medium irradiated with the atmospheric pressure plasma was
called Plasma-Activated Medium (PAM), which exhibited the selective
apoptotic cell death of cancer cells. In this study, we have demonstrated
the antitumor effect of medium induced by irradiation of atmospheric
pressure plasma with high plasma density and compared the cell survival
between cancer and normal cells, which showed that the selective
apoptotic cell death was achieved. Additionally, the basic diagnostics of the
plasma and the analysis of the PAM were performed and the relation with
the antitumor effects was discussed. The emission peak of OH radical (A23-
X2MN) was observed in the atmospheric pressure plasma. This transition is
the intense systems emitted by low temperature plasmas containing even a
small amount of H20. The selective apoptotic cell death effect by treatment
with PAM produced by atmospheric pressure plasma irradiation was
confirmed. The survival of cancer cell after incubation in PAM was greatly
lower than that of normal cell was. The productions of H20. and NOz by
irradiation of high density plasma were detected by the colorimetric assay.
The synergistic effect of H.02 and NO> in PAM is considered to affect the
proliferation of cancer cells.
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9:20am PB+BI+PS-TuM-5 Multiplex Coherent Anti-Stokes Raman
Scattering (CARS) Observations of Hela Cells Cultured in Non-equilibrium
Atmospheric Pressure-Plasma-Activated Medium (PAM), Kenji Ishikawa,
R Furuta, Nagoya University, Japan; K Takeda, T Ohta, M Ito, Meijo
University, Japan; H Hashizume, H Tanaka, H Kondo, M Sekine, M Hori,
Nagoya University, Japan

Non-equilibrium atmospheric-pressure plasma (NEAPP) affects cancer cells
not only directly! but also indirectly through exposure of cells to medium
irradiated beforehand with NEAPP (i.e., plasma-activated medium [PAM]).2
Recent studies have revealed that NEAPP irradiation generates reactive
oxygen and nitrogen species (RONS) in the gas phase and relatively long-
lived RONS such as hydrogen peroxide, nitrites and nitrates in the aqueous
phase.? To further elucidate a cell-death mechanism in more detail, the
present study focused on the direct analysis of PAM-induced intracellular
molecules such as lipids, acylglycerol, triglyceride, adiposome in Hela cells
as cervical cancer cells. Lipid droplets (LDs) are dynamic organelles with
complex and interesting biological functions that go beyond mere energy
storage and are important in lipid homeostasis and metabolism. To
evaluate LDs, coherent anti-Stokes Raman scattering (CARS) microscopy
was used. The observation-results by multiplex coherent anti-Stokes
Raman scattering (CARS) microscopy elucidated the mechanism underlying
the apoptosis of Hela cells in cultivating in PAM, leading to be
simultaneously occurred the exhaustion of LDs in the cells in contrast to
the accumulation, while the activation of caspase-3/7 was induced, though
accumulation in lipid droplets (LDs) and lipid metabolism in the normal
apoptosis of Hela cells with activation of caspase-3/7 was previously
reported.

Acknowledgement: This study was supported in part by the JSPS-KAKENHI
(No. 24108002).

1S. Iseki et al., Appl. Phys. Lett. 100, 113702 (2012); 2 H. Tanaka et al.,
Plasma Med. 2, 207 (2012); 3 N. Kurake et al., Arch. Biochem. Biophys. 605,
102 (2016).

9:40am PB+BI+PS-TuM-6 Plasma Medicine - From Bench to Bedside, Kai
Masur, T von Woedtke, K Weltmann, Leibniz Institute for Plasma Research
and Technology, Germany

During the last decade it became possible to stimulate eukaryotic cells by
applying non-thermal plasma. The same plasmas can be used to kill
micororgansisms - both in vitro and in vivo. However, there is the need to
understand the processes of how electrical fields, ROS /RNS and UV
generation influence the cellular activities in order to find the balance
between stimulating or killing biological matter. Therefore, much effort had
been done by in order to control the plasma components and finally
modulate biological activities. It was shown before that argon plasma
treatment leads in a time dependent manner to an activation of cell
proliferation in human skin samples. Furthermore, it is known that non-
thermal plasma is able to diminish bacterial load of cultured
microorganisms in vitro independent of the strain. Even more, plasma
reduces the amount of antibiotic resistant bacteria in the same manner as
their non-resistant strains.

In 2013, new developed plasma sources were certified as medical products
and since than those devises are in clinical application. Here we report on
our findings on plasma treated chronic wounds and the efficacy of non-
thermal plasma. There is a very promising rate of healed and improved
wounds, which demonstrate that plasma indeed can help patients with
chronic wounds. However, there are some discrepancies between in vitro
findings and results from patient treatment. The bacterial reduction is
lower than in in vitro studies, but skin regeneration seems not to be
dependent on complete bacterial removal. On the other hand, patient
treatment reveals new facts about the positive effects of plasma treatment
of persisting wounds. Here we summarize the positive results of plasma
mediated stimulation of patients with chronic wounds.

11:00am PB+BI+PS-TuM-10 Plasma Medicine, RONS, Tissue and Cell
Models, Rob Short, University of Lancaster, UK, United Kingdom of Great
Britain and Northern Ireland; E Szili, University of South Australia, Australia

INVITED
Electrically-generated cold plasma gas discharges are being intensively
researched for novel applications in medicine and biology. Significant
attention is being given to the reactive oxygen and nitrogen species
(RONS), initially generated upon plasma-air interactions that are delivered
to biological systems. The effects of plasma exposure are observed deep
within tissue, to millimetre depths and within cells. However, very little is
known about the exact nature of the initial plasma-tissue interactions,
including RONS speciation and delivery depth, or how plasma RONS
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intervene in biological processes. In this presentation | will focus on current
research using tissue and cell models to learn more about the plasma
delivery and transport of RONS into tissue and cells. | will argue this
research is vital to establishing an underpinning knowledge that is needed
to realise the full potential of plasma in medicine and biology.

11:40am PB+BI+PS-TuM-12 Non-thermal Plasmas in Biomedical
Applications— Beyond the Long Lived Species, Kristian Wende, J Volzke,
INP Greifswald, Germany; J Lackmann, Ruhr University Bochum, Germany;
H Jablonowski, S Bekeschus, INP Greifswald, Germany, K Stapelmann, Ruhr-
University Bochum, Germany;, S Hasse, INP Greifswald, Germany; P
Bruggeman, University of Minnesota;, K Weltmann, INP Greifswald,
Germany

Non-thermal plasmas have reached evidence level 2 regarding acceleration
of wound healing and in certain aspects of cancer treatment, with a
growing community of physicians successfully using it (plasma medicine).
Key players in such biomedical applications are reactive oxygen or nitrogen
species (ROS/RNS), which are deposited in either tissue (in vivo) or liquid
(in vitro) and subsequently influence cellular redox signaling. A huge variety
of plasma sources for potential application has been developed and
comparing these sources in respect of safety and efficacy remains
challenging but desirable.

One aspect can be the identification and quantification of the sources
ROS/RNS deposition in liquids. However, due to the short lifetime of many
ROS/RNS and limited specificity of available probes their detection is
demanding. To meet this challenge, we applied a variety of analytical
techniques including high-resolution mass spectrometry of small molecules
(cysteine, tyrosine), ion chromatography (RNS detection), electron
paramagnetic resonance spectroscopy (O, 0Os, 'O, O, OH), and
colorimetric assays to infer on dominant active species. Two argon plasma
jets (MHz jet kinpen, RF jet) and a helium based RF jet (COST jet) were
investigated. In addition, cell biology experiments allowed a first estimation
of the biological impact of plasma treated small molecules.

A large number of covalent modifications have been detected and in part
identified. The majority of changes to the chemical structure of cysteine
was found in the vicinity of the thiol group, while in tyrosine the aromatic
ring was targeted. The resulting products also occur in physiological
situations in vivo, allowing to conclude that the covalent modification of
small organic molecules is part of the mechanism of direct plasma-cell
interaction. Predominantly short-lived oxygen species were found to be of
relevance regarding the chemical and biological impact of plasma,
challenging the popular concept of remote treatment (e.g. plasma treated
buffers).

12:00pm PB+BI+PS-TuM-13 Effects of Oxygen or Water in Plasma Jet
Environment and Feed Gas on DNA Damage, Ek Adhikari, V Samara, S
Ptasinska, University of Notre Dame

Atmospheric pressure plasma jet (APPJ) sources have been explored for
applications in industry and medicine. Since environmental conditions such
as room temperature and humidity fluctuate, two identical APPJ sources
operating at various places and time might perform differently. An APPJ
operating in a controlled environment may be able to overcome that issue.
Moreover, the interaction of plasma components (e.g., ions, electrons, UV
light) with the air in the atmosphere generates the reactive oxygen species
(ROS) and reactive nitrogen species (RNS) in the plasma jet [1]. These
reactive species can be controlled by adjusting a fraction of oxygen and
water vapor in the plasma jet environment and the feed gas. To create a
controlled environment for a plasma source, a helium APPJ source was
operated in a cylindrical glass chamber with an ambient pressure and filled
with pure nitrogen gas along with a fraction of oxygen and water vapor.
This APPJ source was used to induce damage in aqueous DNA. The fraction
of different types of damaged DNA such as single strand breaks (SSBs) and
double strand breaks (DSBs), which were induced due to plasma
irradiation, and undamaged DNA were quantified by using agarose gel
electrophoresis. We observed that a moderate amount of oxygen and
water vapor in the environment, as well as in the feed gas, increases the
level of DNA damage.

1. K. Arjunan, V. Sharma, and S. Ptasinska, Int. J. Mol. Sci. 16, 2971 (2015).
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Plasma Science and Technology Division
Room 23 - Session PS-TuM

Advanced FEOL/Gate Etching
Moderators: Kazunori Koga, Kyushu University, Japan, Erwine Pargon,
CNRS-LTM, Université Grenoble Alpes, France

8:00am PS-TuM-1 Highly Selective Silicon Dry Chemical Etch Technique for
7nm FinFET Technology and Beyond, Z Bi, Thamarai Devarajan, L Young, B
Miao, S Devries, N Loubet, C Yeung, J Zhang, A Greene, H Zhou, M Wang, J
Strane, IBM Semiconductor Technology Research; Y Yao, IBM; D Canaperi,
C Surisetty, IBM Semiconductor Technology Research

With transistor scaling in 7nm technology and beyond, fin spike removal
and dummy gate silicon pull are considered to be among the most
challenging hurdles in FinFET process development. In this paper, we
present a plasma free dry chemical etch technique utilizing NFs and H; for
selective etching of single crystal and polycrystalline silicon at various
FinFET device process steps. It was demonstrated that this technique could
completely remove poly silicon in vertically high aspect ratio (AR>5)
nanosheet FinFET gates with larger process window (overetch budget
~200%), lower gate leakage current and much higher device vyield,
compared to the technique used in previous generations. Proper surface
preparation, queue time control, and etch byproduct removal strategies
are discussed. The residue-free etch and etch by-product sublimation
mechanisms are also investigated by High Resolution Electron Microscopy
(HREM) and Fourier Transform Infrared Spectroscopy (FTIR) surface
analysis.

8:20am PS-TuM-2 Anisotropic and Selective Isotropic Etching of Si / SiGe
Multilayers in Surface Wave Plasmas, Nick Joy, S Voronin, P Biolsi, TEL
Technology Center, America, LLC; A Ranjan, Tokyo Electron Miyagi Limited,
Japan

As the feature size of planar devices reaches some fundamental limitations,
the continuing drive to increase device density has led to new 3D designs
such as fin FETs, nanowire, and vertical FET designs. These innovations
bring their own set of challenges for etch applications. While planar devices
relied more on anisotropic etching, 3D devices require more isotropic etch
capabilities with high selectivity between different materials. For example,
one strategy to form nanowire channels is to use multilayered Si/SiGe films
that are etched vertically with an anisotropic method to define the width of
the wire, and then etched laterally with a selective process that leaves
isolated nanowires and allows for deposition of wrap-around gates. Such
processes may require either Si selective or SiGe selective isotropic etch
capabilities. These abilities have been demonstrated with a RLSA™ plasma
etch chamber. Having spatially separated plasma generation and plasma
processing regions, RLSA™ etchers benefit from a very low electron
temperature (Te~1leV) and low self-bias voltage (i.e. low ion energy)
radical-rich discharge. These conditions allow both isotropic and
anisotropic selective etching of different materials.

Whether the process is selective to SiGe or Si depends on the chemistry.
Generally, it is easier to etch SiGe selective to Si using fluorocarbon
plasmas. The dependency of SiGe recess profiles on pressure, power, and
non-fluorinated gas addition show trends that are essentially non-selective
to highly SiGe (30% Ge) selective using CF4 based processes. Si selective
processes are more difficult to achieve and are sensitive to specific process
parameters. However, it is possible to reverse selectivity from Si:SiGe < 1 to
Si:SiGe > 1 using SF6 based processes. While the etch mechanism is due to
fluorine radicals in both cases, Si:SiGe < 1 may be the result of either lower
bond energy of Si-Ge compared to Si-Si, or band gap narrowing with Ge
addition[1]. For Si:SiGe > 1, the etch rate of SiGe is inhibited with SF6 gas
under the right process conditions, which may be due to preferential
deposition of an involatile sulfur blocking layer [2]. This work demonstrates
the range of selectivity and isotropic etch capabilities between Si and SiGe
using RLSA™,

[1] S. Borel, V. Caubet, J. Bildea, A. Cherif, C. Arvet, C. Vizioz, J.M.Hartmann,
G.

Rabillé and T. Billona. ECS Transactions, 3 (7) 627-642 (2006)

[2] G. S. Oehrlein, T. D. Bestwick, P. L. Jones, M. A. Jaso, and J. L. Lindstrorn.
J. Electrochem. Soc. 138, 1443 (1991).
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8:40am PS-TuM-3 Control of Anisotropic Simultaneous SiGe-Si Etching for
Dual Channel Fin Applications, Yohei Ishii, M Walker, R Scott-McCabe, A
Yu, Hitachi High Technologies America, Inc.; K Okuma, Hitachi High-
Technologies Corp., Japan, K Maeda, J Sebastian, J Manos, Hitachi High
Technologies America, Inc.

As a result of miniaturization by the semiconductor industry to follow the
pace of Moore’s law, new design approaches to manufacturing have been
introduced. Logic device structures have transitioned from traditional
planar designs to three dimensional Fin-type Field Effect Transistors
(FINFET). This structure change has achieved improved device
characteristics such as higher drive currents and lower transistor leakage.
To further enhance FinFET electrical performance, a potential approach is
the use of high mobility channel materials such as silicon germanium.

In current fabrication schemes, achieving vertical fin profiles and
controlling RIE lag are typical issues associated with the fin etch process.
However, with the use of silicon in n-FETs and silicon germanium in p-FETs,
new etching challenges such as material-dependent etching rate
differences have emerged. During the fin etching process, the silicon and
silicon germanium must now be etched simultaneously. Silicon germanium
etching characteristics have been studied and the results indicate that, with
conventional halogen chemistries, the etch rate of silicon germanium is
greater than silicon [1]. Should future technology nodes adopt silicon-
germanium as a high mobility channel material, etching processes must
consider how to control these material-dependent phenomena.

In this presentation, we will introduce an etching process which can be
used for dual channel SiGe/Si fin etching. The result shows that the etched
amount difference between silicon germanium and silicon can be
controlled from a positive value (silicon germanium etching rate is greater
than silicon etching rate) to a negative value. Surface analyses were also
utilized to further understand the process and the mechanism. Details will
be discussed in this presentation.

[1] G.S. Oehrlein, Y. Zhang, G. M. W. Kroesen, E. de Fresart, and T. D.
Bestwick, Appl. Phys. Lett. 58, 2252 (1991)

9:00am PS-TuM-4 Etch Rate and Profile Tailoring of Si and SiO: through
Laser-Stimulated Thermal Desorption, Jason Peck, D Ruzic, University of
Illinois at Urbana-Champaign

In this work, laser exposure was coupled with plasma etch processes for
local etch rate enhancement (and under some conditions, etch activation).
Materials were tested which are most-frequently used in semiconductor
devices — namely Si, SiO2, and Cu. A 100 Hz, 7 ns pulse width Q-switched
Nd:YAG laser was applied at its 1064, 532, and 266 nm modes. Using the
532 nm line on Si (40 mJ/cm?/pulse) with a radiofrequency inductively-
coupled plasma (RF-ICP) source placed upstream, laser etch enhancement
effect was 4 A /s in 50:4 sccm Ar/SFs, and 3 A /s etch enhancement at
50:8:2 sccm Ar/CaFs/0.. With no O, flow in a 50:8 sccm Ar/CaFs chemistry in
an RF capacitively-coupled plasma (RF-CCP) source with a measured self-
bias of -140 V, etch activation was seen at 0.62+ 0.07 W/cm? (6.2t 0.7
ml/cm?), with etch rates linearly increasing with laser intensity. The 266 nm
line saw etch activation at roughly the same intensity, though etch rate
scaling with laser intensity was roughly 6 times higher than 532 nm,
corresponding to the drastically-larger absorption depth of 266 nm in Si. No
etch enhancement was produced in either chemistry for SiO. due to its
transparency across the UV-VIS-NIR spectrum, even at 266 nm. CFx polymer
thinning was observed on both Si and SiO; at 266 nm but only on Si at 532
nm, indicating a thermally-driven desorption mechanism which relies on
heating the material beneath.

It was shown that continuous wave (CW) laser sources of 405, 455, and 520
nm were unable to produce etch enhancement even up to intensities of
200 W/cm?, demonstrating the necessity of rapid heating of the Q-switched
Nd:YAG source (~10s of MW/cm? over 7 ns) to temporarily but drastically
increase wafer surface temperature. COMSOL simulations showed that a Si
surface over the duration of a 532 nm laser pulse would increase
temperature by 2.7° C per mlJ/cm? — a reliably linear rate, even at high
intensity. Testing of highly-doped Si wafers revealed a substantial increase
in etch enhancement — 10*° and 10?* cm P-doped wafers showed 1.7x and
3.7x higher etch rates over intrinsic Si, respectively. The increased
absorption coefficient in these doped wafers confirmed that the etch
enhancement mechanism was due to desorption of etch products through
thermal heating, rather than through photolytic bond breaking.

Finally, etch tests of 100 nm full-pitch, 100 nm deep trenches showed the
ability to tailor etch profile based on wafer orientation. Polarization parallel
to the trench line enhanced etching at the top of the features, while
perpendicular to the trench line increased trench bottom etch rate.
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9:20am PS-TuM-5 Prediction and Control of Fluctuation of Etching
Properties by Simulation Technology, Nobuyuki Kuboi, M Fukasawa, T
Tatsumi, Sony Semiconductor Solutions Corporation, Japan INVITED
Fluctuations of etching properties such as the etched profile and damage
distribution can affect the performance of advanced CMOS devices, making
the prediction and control of these properties vital for mass production.
However, the fluctuations mechanisms are not perfectly understood
because of equipment limitations in the plasma monitoring systems used in
mass production. Therefore, as a predictive technology, a plasma etching
simulation was developed that considers the physical and chemical aspects
of the plasma and the etched surface.

We modeled CHxFy plasma for SiN etching with a CCP system, taking into
account the interaction between the bulk region and the chamber wall
surface, and simulated the hydrogen (H) density distribution and H Balmer
line emission (virtual OES) [1][2]. From comparisons with experimental
OES, the reaction probabilities of H with varying chamber wall conditions
(Si, SiO2, polymer) were derived as 0.5, 0.06, and 0.1, respectively. Using
these values, the incident H radical flux was calculated, and found to
correlate with the SiN etch rate. This signifies that flux fluctuation is
important for controlling the SiN etch rate.

To predict the etched profile and damage distribution for SiN, SiO2, and Si
etching, we developed a new simulation technique using an extended 3D
voxel model. This included a Slab model [3] that divides the surface region
into several thin slabs and time-dependently solved the surface reactions
of its reactive and deposition layers, as well as the depth. We
demonstrated SiN sidewall (SW) etching for MOSFET and bulk FinFET with
CH,Fy plasma, successfully describing the etching properties. In addition, a
local damage distribution can be seen around the SW edge and in the Si fin,
which is difficult to find by experimental analysis. Furthermore, our
simulation found that a large amount of Si damage in the Si substrate is
caused during SiO»/Si contact hole etching despite the high SiO,/Si
selectivity (>20) [4], which also exhibits time-dependence. Also,
fluctuations of the CD and the Si recess during Si gate etching by HBr/O.
plasma are greatly affected by the byproduct (SiBrx), exhibiting a
dependence on the factor (Rs+Rs)S that includes the wafer (Rs) and chip
(Rs) open area ratios, and pattern solid angle (S) [5].

These simulation technologies give us useful knowledge for optimizing the
chamber wall condition, plasma etching process, and pattern design for
advanced CMOS devices.

[1] Kuboi et al., JJAP 49, (2010) 08JD01.

[2] Fukasawa et al., JJAP 48, (2009) 08HCO1.
[3] Kuboi et al., JVST A 33, (2015) 061308.
[4] Nakamura et al., JVST A 25, (2007) 1062.

]
]
]
[5] Kuboi et al., JVST A 31, (2013) 061304.

11:20am PS-TuM-11 Underlayer Impact on Line Width Roughness in
Extreme Ultraviolet Lithography and Etch, Indira Seshadri, A DeSilva, Y
Mignot, W Xu, L Meli, J Guo, S Sieg, J Arnold, N Felix, IBM Research Division
Extreme ultraviolet (EUV) lithography enables single expose patterning of
fine-pitch features, eliminating the need for complex multiple patterning
schemes. However, reduction of line width/line edge roughness (LER/LWR)
to match multiple patterning is a fundamental challenge with EUV. Typical
EUV patterning stacks consist of resist, hardmask and planarizing organic
layer, and reduction of both the post-lithography resist LWR and the post
hardmask etch LWR are key to achieving final feature targets. With EUV
eliminating the requirement for reflectivity control, hardmask materials
may be chosen based on high etch selectivity to resists, stack aspect ratio
reduction and low defectivity (eg. Si-containing films). However, recent
work*? has shown that hardmask choice can significantly impact
fundamental aspects of the lithography that are strongly correlated to
LER/LWR, such as dose, process window and EUV secondary electron
capture through interactions at the resist-hardmask interface. Here, we
demonstrate the impact of different classes of hardmask materials on LWR
in fine pitch metal line features, post litho and post etch. With three classes
of hardmasks — Organic spin-on films, inorganic deposited Si-based films,
and metal containing films, we first evaluate post lithography LWR with low
and high sensitivity resists and dipole and quadrupole illumination shapes.
We then characterize LWR after under layer open with optimal etch
chemistries to reach target line/space sizes. With frequency analysis of
LWR3, we present fundamental mechanisms that explain the LWR trends
arising from resist-illumination-hardmask interaction and etch based LWR
smoothing for each class. Our results provide a key knob to aid hardmask
selection to meet LWR targets for future nodes
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1. A. DeSilva, I. Seshadri, A. Arceo, K. Petrillo, L. Meli, B. Mendoza, Y. Yao,
M. Belyansky, S. Halle, N. Felix, “Study of Alternate hardmasks for extreme
ultraviolet patterning”, J. Vac. Sci. Technol. B 36 (6), 2016.

2. D. De Simone, Y. Vesters,A. Shehzad, G. Vandenberghe, P. Foubert, C.
Beral, D. Van den Heuvel M. Mao, F. Lazzarino, “Exploring the readiness of
EUV photo materials for patterning advanced technology nodes,” Proc.
SPIE 10143 (2017).

3. R. Bonam, C. Liu, M. Breton, S. Sieg, |. Seshadri, N. Saulnier, J. Shearer, R.
Muthinti, R. Patlolla, H. Huang,” Comprehensive analysis of line-edge and
line-width roughness for EUV lithography”, Proc. SPIE 10143 (2017).

11:40am PS-TuM-12 Patterning Challenges and Perspective Solutions for
5nm and Beyond, Ying Zhang, Applied Materials, Inc. INVITED
Patterning has imposed new challenges and opportunities to Etch, Film
metrology. In a variety of multiple patterning schemes, such as Multiple
Litho + Etch (LELE..), or Self-Aligned Multiple Patterning (SAxP), Edge
Replacement Error (EPE) is approaching the limit, ~% of pitch, which will
limit the continuing of pitch shrink [1]. The recent development of EUV
technology and manufacturability will help to realize much needed
complementary lithography technology [2]. The challenges of reducing EPE
(< e.g., ~ % pitch), pitch walking, and CD/CDU/LER/LWR controllability in
<0.5 nm (3s ) regime have shifted from Lithography to Films, Etch and
Metrology. Continuous improvements of current plasma etch and film
technologies are facing challenges to carry out the tasks of multiple
patterning for the industry to extend to 5nm. Can process fine tuning based
on current plasma etch and film tool technologies accomplish the precision
requirement of fabricating sub-20nm pitch patterning? Atomic Layer
Deposition (ALD) technology has already played a key in self-aligned
multiple patterning. Further exploring on ALD and gapfill technology to
provide more films with conformal and gapfill capabilities are required to
enable some highly challenging patterning schemes. Conceptually, Atomic
Layer Etching (ALE) should be able to help, e.g., CD control, etch selectivity,
etc. But the key question is how to realize true ALE. In this talk, some of the
new developments, key challenges, and perspective solutions on processes,
process integrations, and plasma etching and film systems for will be
reviewed and discussed.

[1] Richard Schenker, Intel, SPIE 2016, Feb, 2016, San Jose, USA

[2] Yan Borodovsky, Intel, Leti Innovation Days, June 26" 2013, Grenoble,
France

Novel Trends in Synchrotron and FEL-Based Analysis Focus
Topic
Room 9 - Session SA+MI-TuM

Overcoming the Temporal and Spatial Limits of X-Ray

Scattering Methods for In-Situ Analysis
Moderators: Olivier Renault, CEA-University Grenoble Alps, France, Zahid
Hussain, ALS-LBNL, Maya Kiskinova, Elettra-Sincrotrone Trieste, Italy

8:20am SA+MI-TuM-2 SA Highlight Talk: Diffraction Limited Storage Rings
and Free Electron Lasers --- Why do we need both?, Wolfgang Eberhardt,
DESY-CFEL, Germany
Accelerator driven photon sources have experienced a phenomenal
development and success over the last decades. Worldwide many
thousands of scientists travel to these facilities to conduct their research
and new and upgraded facilities are under construction in several countries
around the world. While storage ring based facilities have been at the heart
of this effort until recently, the attention has somewhat turned to the
construction of free electron laser facilities. As the pricetag for each of
these facilities is in the range of 100's of million S, and even surpassing 1
BS, the question arises, whether science and society really needs both kind
of facilities.

In this talk | will give examples of experiments that are unique to each of
these light sources, emphasizing the need for both --- state of the art
DLSR's and FEL's ---- to meet the challenges of future science and society.

8:40am SA+MI-TuM-3 Understanding Solar Cells Structure and
Functioning via GISAXS and GIWAXS, Peter Miiller-Buschbaum,
Technische Universitat Mlnchen, Germany INVITED

Next generation solar cells are an interesting alternative to conventional
silicon based solar cells as the feature new possibilities introduced by using
a different class of materials namely polymers. The production of next
generation solar cells has the potential to become very cheap and easy.
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Moreover, the use of polymers allows for flexible solar cells and light
weight devices, which will be usable in a very different fashion as
compared to the immobile silicon solar panels. In addition, the energy
payback times of next generation solar cells are significantly shorter as
compared to the today’s silicon solar cells. However, despite all these
significant advantages of next generation solar cells, still fundamental
knowledge is very limited.

In particular, it is challenging to detect the complex morphologies, which
are necessary to have high efficiency organic solar cells. The combination of
grazing incidence small and wide angle x-ray scattering (GISAXS and
GIWAXS) allows for overcoming these challenges.** The crystalline
structure is probed with GIWAXS and the mesoscale structure is
determined with GISAXS. Based on selected examples, the impact of
different layers in the functional stack build-up of organic solar cells,>® in-
situ studies during printing’” and in-operando studies of organic solar cells®
are presented.
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9:40am SA+MI-TuM-6 In situ Characterization of the Structure Formation
in Printed Organic Thin Films for Photovoltaic Applications, Stephan
Préller, TU Munich, Germany, F Liu, Shanghai Jiao Tong University, PR
China; C Zhu, Lawrence Berkeley National Laboratory (LBNL), D Mosegui
Gonzdlez, TU Munich, Germany; C Wang, E Schaible, T Russell, A Hexemer,
Lawrence Berkeley National Laboratory (LBNL), P Miiller-Buschbaum,
Technische Universitat Miinchen, Germany; E Herzig, University Bayreuth,
Germany

The nanomorphology can strongly influence the physical properties of
organic thin films. For example, polymer:fullerene blends used in organic
solar cells vary significantly in performance depending on the inner film
morphology. To allow large-scale production of these devices, control of
the nanostructure during the processing of the active layer is important.
This firstly needs an understanding of the processes involved during the
drying of the film. In a second step we can then manipulate the drying
processes to alter the nanostructure. Using an industrial slot-die coater
implemented into a synchrotron beamline we have successfully
characterized the solidification process of an active layer using grazing
incidence small and wide angle X-ray scattering (GISAXS/GIWAXS). Tracking
the actual crystallization and aggregation processes on length scales
ranging from sub-nanometers to several tens of nanometers reveals how
the different growth processes compete with each other leading to the
final film morphology. To achieve this, we follow the evolution of the
nanostructure with appropriate time-resolution to initially track the solvent
removal, followed by the crystallization of the polymer and the aggregation
of the fullerene. We find that the morphological evolution can be
separated into several subsequent phases that take place independently of
the drying speed of the film. The final film morphology, however, depends
on the processing speed, because the individual processes compete with
each other differently depending on time. Using an environmental control
system, we are able to further control the solvent evaporation and hence
the structure formation during processing.

S. Proller, F. Liu, C. Zhu, C. Wang, T.P. Russell, A. Hexemer, P. Miiller-
Buschbaum, E.M. Herzig, Advanced Energy Materials, 6: 1501580 (2016)

11:00am SA+MI-TuM-10 Ultrafast X-ray Scattering Studies of Light-
induced Processes in 2D Materials, A Lindenberg, Edbert Sie, Stanford
University INVITED
Novel characterization techniques developed over the past two decades
have revolutionized our ability to visualize the microscopic, atomic-scale
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processes that determine the functional properties of materials. The
overarching challenge here is that the relevant time-scales and length-
scales for these processes are typically 103 seconds (100 femtoseconds)
and 10° m (1 A) such that our view of how a material functions is often
blurred out in time or in space. In this talk | will describe recent
experiments using femtosecond x-ray pulses as a means of probing and
manipulating the optoelectronic and structural properties of materials on
ultrafast time-scales, as they transform and in-situ. | will focus in particular
on recent experiments probing dynamic deformations of multilayer
transition metal dichalcogenide films on femtosecond and picosecond
time-scales. These studies reveal a surprising light-induced nonlinear
modulation in the interlayer bonding, associated with manipulation of the
Casimir/van der Waals interaction between quasi-2D layers.

11:40am SA+MI-TuM-12 Monitoring the Non-Metal to Metal Transition
and Ultrafast Charge Carrier Dynamics of Supported Clusters by
Femtosecond XUV Photoemission Spectroscopy, Mihai Vaida, University
of Central Florida; B Marsh, B Lamoureux, S Leone, University of California
at Berkeley

Understanding the electronic structure and charge carrier dynamics of
supported clusters is extremely important due to their many potential
applications in photochemistry and catalysis. Time resolution, surface
sensitivity and element specificity are technical ingredients required to
investigate ultrafast photoinduced processes of charge migration,
localization and recombination at clusters on a solid surface. All these
requirements are fulfilled by a new experimental technique based on
pump-probe photoemission spectroscopy (PES) in conjunction with
femtosecond extreme ultraviolet (XUV) laser pulses that will be presented
in this contribution. The ultrafast electron and hole charge state dynamics
is investigated by monitoring the ultrafast photoinduced transient charging
of the clusters at surface by core level and Fermi level photoelectron
spectroscopic shifts.

Gold clusters grown on 10 ML MgO(100)/Mo(100) are investigated as a
model system for using static XUV photoemission as a probe of electronic
character versus cluster size. As the size of the Au clusters is increased, a
gradual shift in the photoemission onset up to the Fermi energy indicates a
change in the character of the gold clusters from non-metallic to metallic.
The results are compared with theoretical work and previous investigations
to validate the XUV-PES method. Static photoemission is then further
utilized to monitor the electronic structure of Zn clusters on p—Si(100) as a
function of Zn deposition. The transition from non-metallic to metallic Zn
character is observed at 0.16 ML of Zn coverage. Furthermore, the
femtosecond pump-probe XUV-PES technique is employed to induce a
charge transfer from the p-Si(100) substrate to the Zn clusters and to
measure in real time the charge trapping at the Zn clusters as well as the
subsequent charge relaxation. The ultrafast charge carrier dynamics
investigations are performed as the Zn dimensionality is increased from
small clusters composed of a very few atoms to large collections of atoms
to extended Zn films.

12:00pm SA+MI-TuM-13 Direct Observation of TiO, Exciton
Recombination, Geoff Thornton, Universty College London, UK; Y Zhang, D
Payne, C Pang, University College London, UK; C Cacho, R Chapman, E
Springate, STFC Rutherford Appleton Laboratory, UK

Exciton recombination pathways are of paramount importance in
photocatalysis because they determine the lifetime of the chemically active
electrons and holes, and hence the catalytic efficiency. These pathways are
not known in detail even for a prototypical material such as TiO2, where the
related process of electron trapping is important in a broader range of
applications (eg resistive switching). Here we use time-resolved
femtosecond pump-probe photoemission spectroscopy (TRPES) to
investigate exciton recombination and electron trapping in a state resolved
fashion. This employed an XUV probe following an infra-red or UV pump.
When an infra-red pump is employed, electrons in polaronic band gap
states (BGS) are excited to the bottom of the conduction band. The
subsequent recapture time of 50+10 fs is determined by directly
monitoring the intensity change of the BGS and hot electrons in TRPES
spectra. When a UV pump is employed, electrons are excited either from
the BGS to a resonance in the CB, or from the top of the valence band (VB)
to the bottom of the CB. The same trapping of hot electrons is observed as
for infra-red excitation. In addition, a long lifetime component (>1 ps) of
the hot electron decay and the BGS recovery are observed, pointing to trap
assisted exciton recombination.
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Scanning Probe Microscopy Focus Topic
Room 10 - Session SP+AS+MI+NS+SS-TuM

Probing Chemical Reactions at the Nanoscale

Moderators: Tae-Hwan Kim, Pohang University of Science and Technology,
Giang Nguyen, Center for Nanophase Materials Sciences, Oak Ridge
National Laboratory

8:00am SP+AS+MI+NS+SS-TuM-1 Single Molecule Junction: Chemical
Optimization of Charge Transport through Single Benzene Derivatives,
Parisa Yasini, S Afsari, P Pikma, E Borguet, Temple University

Single molecules are possible components of miniaturized electronic
devices. Interconversion between states using external stimuli is a
convenient way to generate single molecule devices such as switches and
sensors. In this study, we have devised an electromechanical single
molecule junction where molecular orientation is controlled by the working
electrode potential in an electrochemical environment. We used the
scanning tunneling microscopy (STM)-break junction method to measure
the electrical properties of benzene derivatives, e.g.,
tetrafluoroterephthalic acid (TFTPA ), terephthalic acid (TPA) and trimesic
acid (TMA), bridged between two gold electrodes (the conducting
substrate and STM tip). At potentials more negative than zero charge
potential, direct contact between the rt —system of a benzene ring and the
Au (111) electrode results in the formation of a highly ordered monolayer
and a high conductance of 0.24 G, 0.22 G, and 0.15 G, are detected for
TFTPA, TPA and TMA, respectively. Moving to potentials more positive than
the potential of zero charge triggers an order-disorder transition as
revealed by STM. Our results show that charge transport through the n
conjugated benzene ring increases by fluorination of TPA and decreases by
an addition of a carboxylic acid functional group to the TPA. Accordingly,
these results suggest that using functional groups, charge transport can be
modified by manipulation of the electronic structure of molecules.

8:40am SP+AS+MI+NS+SS-TuM-3 How is Armchair Graphene Nanoribbon
Oxidized?, Chuanxu Ma, A Puretzky, A Baddorf, Oak Ridge National
Laboratory; Z Xiao, W Lu, North Carolina State University; K Hong, Oak
Ridge National Laboratory, J Bernholc, North Carolina State University; A Li,
Oak Ridge National Laboratory

The stability of graphene nanoribbons (GNRs) in air is crucial for practical
applications. Here we study the temperature stability of the armchair GNR
with a width of seven carbon atoms (7-aGNR) after exposed to air.
Combining scanning tunneling microscopy, Raman spectroscopy, x-ray
photoemission spectroscopy, and first-principles theory calculations, the
oxidization of the armchair GNRs is found to start from the edges at ab out
520 °C, while below 430 °C the edges are unchanged. Two different types
of oxygen species are atomically identified, specifically hydroxyl (OH) and
atomic oxygen bridging two carbons, both of which are common oxygen
forms in oxidized graphitic lattices. The bandgap is significantly reduced
from 2.6 eV to 2.3 eV and 1.9 eV in the vicinity of hydroxyl or bridge O,
respectively. Our results suggest that the oxidization will greatly affect the
transport properties of GNRs. This research was conducted at the Center
for Nanophase Materials Sciences, which is a DOE Office of Science User
Facility.

9:00am SP+AS+MI+NS+SS-TuM-4 Molecular Chessboard Assemblies
Sorted by Site-Specific Interactions of Out-of-Plane d-Orbitals with a
Semi-metal Template, T Jung, Paul Scherrer Institut (PSI), Switzerland; A
Weickerlin, S Fatayer, T Nijs, S Nowakowska, S Mousavi, O Popova, Aisha
Ahsan, University of Basel, Switzerland; C Wickerlin, Paul Scherrer Institut
(PSI), Switzerland

We present a conceptually new approach for the formation of 2D
chessboard patterns of molecules which is, unlike the other approaches,
not dependent on the molecules being functionalized for self-assembly.
The deposited Phthalocyanines (Pcs) are sorted in alternating sequence
into the 2D layer by their site-specific interaction with the native
reconstruction of the bismuth thin-film. The square p-(10 x 10) layer of
bismuth on Cu(100) is characterized by the periodic arrangement of
shallow pockets which are separated by rims and nodes which originate
from the limited registry between Bi and Cu(100). The symmetry and the
pitch of 1.8 nm of the Bi/Cu(100) substrate matches with the 4-fold
symmetry of the Pc molecules and the pitch of a Pc chessboard
arrangement.

We attribute the sorting mechanism to the site-specific interactions
between the Bi layer and the out-of-plane 3d states of Mn- and CoPc
leading to preferred adsorption sites. The 3d states also allow for the
identification of the molecular components in the STM data: Mn and CoPc
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exhibit a bright contrast on the central metal atom, while Cu in CuPc in
absence of such a d-state close to Er is depicted as a depression.

Due to this characteristic difference in the 3d states, MnPc + CuPc and CoPc
+ CuPc sort into chessboard arrays. In these arrays, the molecules with out-
of-plane 3d states (CoPc and MnPc) adsorb on the Bi-nodes and the one
without (CuPc) adsorbs on the Bi-pores. If both molecules have out-of-
plane 3d states around the Fermi level (CoPc + MnPc mixture), the
selectivity of adsorption is insufficient and no chessboard layer is formed.

References:
[1] A. Wackerlin, et al., Nano Letters 17, 1956 (2017)

11:20am SP+AS+MI+NS+SS-TuM-11 Nanoscale Chemical Analysis with
Photo-induced Force Microscopy, Sung Park, Molecular Vista, Inc.

Infrared Photo-induced Force Microscopy (IR PiFM) is based on an atomic
force microscopy (AFM) platform that is coupled to a widely tunable mid-IR
laser. PiFM measures the dipole induced at or near the surface of a sample
by an excitation light source by detecting the dipole-dipole force that exists
between the induced dipole in the sample and the mirror image dipole in
the metallic AFM tip. This interaction is strongly affected by the optical
absorption spectrum of the sample, thereby providing a significant spectral
contrast mechanism which can be used to differentiate between chemical
species. Due to its AFM heritage, PiFM acquires both the topography and
spectral images concurrently and naturally provides information on the
relationship between local chemistry and topology. Due to the steep
dipole-dipole force dependence on the tip-sample gap distance, PiFM
spectral images have spatial resolution approaching the topographic
resolution of AFM, demonstrating sub 10 nm spatial resolution on a variety
of samples. PiFM spectral images surpass spectral images that are
generated via other techniques such as scanning transmission X-ray
microscopy (based on synchrotron source), micro confocal Raman
microscopy, and electron microscopes, both in spatial resolution and
chemical specificity. The breadth of the capabilities of PiFM will be
highlighted by presenting data on various organic, inorganic, and low
dimensional materials. By enabling imaging at the nm-scale with chemical
specificity, PiFM provides a powerful new analytical method for deepening
our understanding of nanomaterials and facilitating technological
applications of such materials.

11:40am SP+AS+MI+NS+SS-TuM-12 STM Studies of the Molecule-2D
Heterointerface, Andrew Wee, National University of Singapore,
Singapore; Y Huang, Institute of Materials Research & Engineering,
Singapore; Y Zheng, Z Song, National University of Singapore, Singapore; S
Quek, Department of Physics, National University of Singapore, Singapore

INVITED
We have previously shown that the electronic and chemical properties of
graphene can be controllably tuned via molecular functionalization [1]. In
this talk, I will focus on our recent work on semiconducting 2D transition
metal dichalcogenides (TMDs) with tunable direct bandgaps dependent on
the number of atomic layers. We use high resolution scanning tunneling
microscopy/spectroscopy (STM/STS) to study the atomic structure, intrinsic
electronic properties, and grain boundaries of MoS, and WSe: layers on
HOPG substrates [2,3]. Using PTCDA as a prototype semiconductor organic
molecule, we show that a monolayer TMD can effectively screen an
organic-inorganic heterointerface [4]. We have also studied how a CeoF48
molecular acceptor layer on top of a single-layer WSe: acts as p-type
dopant, and reveal the electronic structure at a prototypical 1D interface
between intrinsic and p-doped WSe; [5].

[1] H.Y. Mao, Y.H. Lu, J.D. Lin, S. Zhong, A.T.S. Wee, W. Chen, Progress in
Surface Science 88 (2013) 132.

Y.L. Huang, Y.F. Chen, W.J. Zhang, S.Y. Quek, C.H. Chen, LJ. Li, W.T. Hsu,
W.H. Chang, Y.J. Zheng, W. Chen, A.T.S. Wee, Nature Comm. 6 (2015) 6298.

[2] Y.L. Huang, Z. Ding, W. Zhang, Y.H. Chang, Y. Shi, L.J. Li, Z. Song, Y.J.
Zheng, D. Chi, S.Y. Quek, A.T.S. Wee, Nano Letters 16 (2016) 3682.

[3] Y.J. Zheng, Y.L. Huang, Y.F. Chen, W.J. Zhao, G. Eda, C.D. Spataru, W.J.
Zhang, Y.-H. Chang, LJ. Li, D.Z. Chi, S.Y. Quek, A.T.S. Wee, ACS Nano 10
(2016) 2476.

[4] Z.B. Song et al., submitted.
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Surface Science Division
Room 25 - Session SS+HC-TuM

Controlling Mechanisms of Surface Chemical Reactions
Moderators: Daniel Killelea, Loyola University Chicago, Andrew Teplyakov,
University of Delaware

8:00am SS+HC-TuM-1 Multifunctional Adsorption on Ge(100)-2x1 Surface:
The Role of Interadsorbate Interactions, Tania Sandoval‘?, S Bent,
Stanford University

Adsorption of multifunctional molecules onto semiconductor surfaces
provides a pathway to functionalize the surface while leaving unreacted
functional groups available for reaction. These hybrid interfaces are
important for applications in biosensors, microelectronics, and energy
storage. These applications require homogeneous and controllable
adsorption of these complex molecules. In this presentation, we will
discuss two studies that help elucidate the driving forces governing the
overall product distribution during adsorption of multifunctional molecules.

The first example describes the adsorption of homobifunctional pyrazine
on the Ge(100)-2x1 surface. Pyrazine (C4HaNz) is a six-membered ring
molecule with two nitrogen atoms in the para position. The electron-rich
nitrogen possesses a lone pair that can easily react with the surface
through a dative bond. While benzene is not known to react with
germanium, the addition of nitrogen to the aromatic ring opens up
additional reaction channels. Previous studies of pyridine (CsHsN) on
Ge(100) showed that reaction through the nitrogen can yield a mix of
adsorption products. Our X-ray photoelectron spectroscopy (XPS) results
suggest that pyrazine reacts with Ge(100)-2x1 to form a mix of reaction
products. Analysis of the N(1s) and C(1s) spectra indicates that reaction of
pyrazine occurs through the N-dative bond and via N=C and C=C
cycloaddition reactions. The product distribution was found to be a
function of temperature and coverage. This dependence suggests
differences in the reaction channels as well as cooperative effects between
adsorbate molecules.

The second example describes the adsorption of homotrifunctional 1,2,3-
benzenetriol on Ge(100)-2x1 surface. 1,2,3-benzenetriol (CsHsO3) is a
trihydroxy phenol with three neighboring hydroxyl groups. The proximity
between OH-groups promotes intra and inter-molecular hydrogen bonding.
XPS and Fourier transform infrared spectroscopy results demonstrated that
the reaction occurs through an OH-dissociative pathway. Coverage
dependent shows that the extent of surface reactions per molecule
decreases as the surface becomes crowded, and we predict this behavior is
due to a combination of sterics and intermolecular hydrogen bonding. It
has been previously shown that intermolecular hydrogen bonding can
lower the reactivity of an OH group and prevent further reactions. Our
theoretical analysis confirms that adsorbed molecules will preferentially
interact with each other if unreacted OH groups are in close proximity. We
expect that these interactions contribute to lowering the saturation
coverage, as well as decrease the amount of dissociation events per
molecule.

8:20am SS+HC-TuM-2 Steering the Chemical Reactions on Surfaces
Toward Targeted Products, Q Fan, T Wang, Junfa Zhu, University of
Science and Technology of China, China

The bottom-up construction of low-dimensional macromolecular
nanostructures directly on a surface is a promising approach for future
application in molecular electronics and integrated circuit production.
However, challenges still remain in how to control the reaction pathways
toward the formation of targeted nanostructures or dimensions. In this
presentation, | will report our recent studies on the on-surface synthesis of
low dimensional organic nanostructures on different substrate surfaces.
These studies were performed under ultra-high vacuum (UHV) conditions
using a combination of scanning tunnelling microscopy (STM), low energy
electron diffraction (LEED) and high-resolution X-ray photoelectron
spectroscopy (HR-XPS). Several examples will be shown to demonstrate
that by employing different substrate templates,** special high-dilution
synthesis condition® or hydrogen bond protection with dedicated precursor
molecules on surfaces®, surface reactions can be driven with different
pathways towards the desired products. For example, on Cu(111) and
Cu(110), after depositing the same precursor molecule, 4,4”’-dibromo-
meta-terphenyl (DMTP), at elevated temperatures, Ullmann coupling
reaction can proceed via different pathways to form different
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nanostructures.* While on the Cu(110)-(2x1)O surface, by controlling the
width of the Cu stripes, the spatial confinement effect can steer the
reaction of DMTP to form either 1D zigzag organometallic oligomeric chains
with different lengths or organometallic macrocycles with different
widths.* More interestingly, when recently we transplanted the (pseudo-)
high dilution method in solution to the conditions of on-surface synthesis in
UHV, we found that the reaction of DMTP on Ag(111) can be tailored to
specially form cyclic hyperbenzene with high-yield (84%) in contrast to the
commonly formed zig-zag open-chain polymers.> Except for the
presentation of these different structures on surfaces, we will also discuss
the principles and mechanisms behind.

This work is supported by the National Natural Science Foundation of China
(21473178) and the National Basic Research Program of China
(2013CB834605)
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8:40am SS+HC-TuM-3 Spectroscopic Characterization of Reaction
Pathways over a Pd-Cu(111) Single-Atom Alloy, C Kruppe, Michael
Trenary, University of lllinois at Chicago INVITED
Low coverages of catalytically active metals deposited onto less active
metal surfaces can form single atom alloys (SAAs), which often display
unique catalytic properties. Such alloys are particularly attractive for
selective hydrogenation reactions. It is therefore of interest to probe the
surface structure and chemistry of such alloys in the presence of gas phase
reactants. We have used polarization dependent reflection absorption
infrared spectroscopy (PD-RAIRS) to monitor the in-situ hydrogenation of
acetylene to ethylene over a Pd/Cu(111) SAA surface. The coverage and
morphology of the deposited Pd is characterized with Auger spectroscopy
(AES), temperature programmed desorption (TPD) of H, and CO, and PD-
RAIRS of CO. After exposing clean Cu(111) and Cu(111) with various Pd
coverages to 10 L of CO at 100 K, the RAIR spectra show that the surface is
largely unchanged by the presence of less than 0.5 ML of Pd. In the
presence of 1x102 Torr of CO at 300 K, significant CO coverages are only
achieved when Pd is present on the surface. The Pd coverage determined
from CO peak areas obtained with RAIRS yields a value lower by about a
factor of two than the Pd coverage obtained with AES. This is attributed to
the presence of both surface and subsurface Pd, with only the former
detectable by RAIRS of CO, but both detectable with AES. Surface species
and gas phase products of C2H2 hydrogenation are monitored between 180
and 500 K on clean Cu(111) and Pd/Cu(111). With a total pressure of 1 Torr
and a CzH2:H; ratio of 1:100, annealing a SAA-Pd/Cu(111) surface to 360 K
results in complete conversion of all gas phase Cz:H: to gas phase ethylene
(C2Ha), without producing any gas phase ethane (C2Hg). The hydrogenation
reaction is accompanied by acetylene coupling reactions that occur both on
clean Cu(111) and on Pd-Cu(111).

9:20am SS+HC-TuM-5 Reactivity of Pt and Rh Adatoms, Dimers, and Small
Clusters on Fes04 (001), Jan Hulva®, TU Wien, Austria; M Meier, University
of Vienna, Austria; M Setvin, Z Jakub, R Bliem, M Schmid, U Dieblod, TU
Wien, Austria; C Franchini, University of Vienna, Austria; G Parkinson, TU
Wien, Austria

The rapidly emerging field of “single-atom catalysis” aims to drastically
reduce the amount of precious metal required to catalyze chemical
reactions by replacing nanoparticles with single-atom active sites. Although
there are now many reports of active single-atom catalysts [1], the concept
itself remains controversial because it is challenging to characterize real
catalysts and determine the reaction mechanism. In our work, we study
fundamental properties of supported single metal atoms using a surface
science approach. We employ the FesO4 (001) surface as a model support,
because it can stabilize dense arrays of single metal atoms to temperatures
as high as 700 K [2,3]. In this contribution, we address the adsorption
behavior and reactivity of the Pt and Rh adatoms, dimers, and small
clusters using a combination of atomically resolved STM and non-contact
AFM, high-resolution spectroscopy, and density functional theory. We
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conclude that Pt adatoms are inactive because CO adsorption results in
mobility, and rapid sintering into Pt dimers [5]. Pt dimers, on the other
hand, are stable, and highly efficient CO oxidation catalysts. By isotopically
labelling the oxide surface with 20, we unambiguously show that a Mars
van Krevelen mechanism is responsible for the catalytic activity. Rh
adatoms interact more strongly with the oxide, and do not sinter upon
adsorption of CO. As a result, we find that Rh adatoms do catalyze CO
oxidation, also via an MvK mechanism.

[1] — Acc. Chem. Res. 46(8), pp.1740-1748.

[2] — Phys.Rev.Lett.108(2012): 216103

[3] —Science 346 (2014): 1215-1218.

[4] — Angew. Chem. Int. Ed. 54.47 (2015): 13999-14002.

]
1
]
[5] —PNAS 113.32 (2016): 8921-8926.

9:40am SS+HC-TuM-6 An AP-XPS Study to Investigate the Reaction
Mechanism of the Oxidation of CO on Pt/TiO. Nanoparticles: A Step
Towards Closing both the Pressure and the Materials Gap, Randima
Galhenage, J Bruce, D Ferrah, University of California Irvine; | Waluyo, A
Hunt, Brookhaven National Laboratory; J Hemminger, University of
California Irvine

Platinum supported on oxides, such as TiO,, are widely studied catalysts to
drive oxidation reactions. Even though there are fundamental studies that
have been done on single crystal Pt and TiO2 to understand the reactivity
and the mechanism, there lies a sizable knowledge gap due to the
complexity of the real catalytic systems compared to the single crystal
studies. We studied CO oxidation on a unique model system where Pt
nanoparticles (NPs) are deposited on TiO, NPs supported on an inert HOPG
surface. Our study takes the complexity of the material a step forward. In-
operando Ambient Pressure X-ray photoelectron spectroscopy (AP-XPS)
was used to study the oxidation states of Pt, Ti, and O during the reaction
to understand the role of different oxidation states of the elements on the
reaction mechanism. Ex-situ prepared model catalyst which mostly
contains a mixture of Pt(4) and Pt(2) were first heated to obtain a mixture
of Pt(0) and Pt(2). During the reaction, the TiO2 remains stoichiometric with
no indication of any change in the oxidation state. At 400 K, CO is adsorbed
on Pt resulting in a decrease of the Pt(2)/Pt(0) ratio. Ols spectra show the
formation of Pt-O bond at 450 K. A rapid decrease of Ols (Pt-O) and a
decrease of Pt(2)/Pt(0) ratio were observed simultaneously with CO»
production at 500 K. In conclusion, we were able to study CO oxidation on a
more complex model system of Pt/TiO. and followed the reaction
mechanism. CO first adsorb on Pt and reacts with the oxygen that is
dissociated on Pt sites which agree with the existing Langmuir—
Hinshelwood (LH) mechanism. Furthermore, we found out that CO gets
adsorbed on Pt(2) rather than on Pt(0) when there is a mixture of Pt(2) and
Pt(0).

11:00am SS+HC-TuM-10 Oxygen Reduction Reaction of Graphite
Decorated by the Pyridinic-Nitrogen Contained Molecules with High
Density, Riku Shibuya, T Kondo, University of Tsukuba, Japan; J Nakamura,
University of Tsukuba, Japam

Nitrogen containing carbon materials have been reported to show catalytic
activities such as an oxygen reduction reaction (ORR) in fuel cells. Among
several types of nitrogen species in carbon materials, pyridinic nitrogen
(nitrogen atom bound to two C atoms) was found to create ORR active sites
in our previous work [1]. We then try to prepare catalytically active carbon
surfaces covered with pyridinic nitrogen-containing aromatic molecules
with high density. Here we report model catalyst studies using HOPG
(highly oriented pyrolytic graphite) electrode covered with pyridinic
nitrogen-containing aromatic molecules (dibenz[a,c] acridine (DA)
molecule). The DA molecules were deposited on HOPG with different
coverage by simply dropping solutions of the DA molecules at room
temperature. Scanning tunneling microscopy (STM) measurements
revealed that a well-ordered two-dimensional structure of DA monolayer is
formed on HOPG surfaces with high densities via m-mt interaction, rather
than aggregates to form three-dimensional clusters. The nitrogen
concentration of the DA-covered HOPG surfaces was estimated to be
0.5~1.5 at.% by XPS. The DA-covered HOPG model catalysts reveled
activities of ORR. The specific activity per pyridinic nitrogen atom was
estimated to be 0.08 (e sec? pyriNt) at 0.3 eV, which is comparable to that
for pyridinic nitrogen incorporated graphene sheets (0.07 ~ 0.14 (e sec?
pyriN-))[1]. The current densities at 0.1, 0.2, and 0.3 V vs RHE were in
proportional to the surface coverage of DA molecules, indicating that the
ORR active site was created by DA molecule adsorbed on HOPG. The
present studies clearly show that fixing nitrogen-containing aromatic
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molecules on graphitic carbon materials is one of promising approaches to
prepare active ORR carbon catalysts.

References

[1] D.Guo, R.Shibuya, T.Kondo, J.Nakamura, et al., Science, 351 (2016), 361-
365.

11:20am SS+HC-TuM-11 Spectroscopic and Computational Studies of
Room-Temperature Decomposition of a Chemical Warfare Agent
Simulant on Copper Oxide, Lena Trotochaud, Lawrence Berkeley National
Laboratory; R Tsyshevsky, S Holdren, University of Maryland, College Park;
K Fears, U.S. Naval Research Laboratory; A Head, Lawrence Berkeley
National Laboratory; Y Yu, University of Maryland, College Park; O
Karslioglu, Lawrence Berkeley National Laboratory; S Pletincx, Vrije
Universiteit Brussel, Belgium; B Eichhorn, University of Maryland, College
Park; J Owrutsky, J Long, U.S. Naval Research Laboratory; M Zachariah, M
Kuklja, University of Maryland, College Park; H Bluhm, Lawrence Berkeley
National Laboratory

Filtration systems for absorption and decomposition of chemical warfare
agents (CWAs) are the first line of defense against exposure to these toxic
compounds. Composite materials (such as ASZM-TEDA) commonly used in
filtration systems consist of high-surface-area carbon supports
impregnated with various metal oxides, including CuOy. Despite decades of
work to develop highly effective and versatile filtration materials, little is
known about the mechanisms of CWA degradation by material surfaces
and filter deactivation/poisoning, in part due to the challenges involved
with spectroscopic characterization of filtration material surfaces under
operating conditions. Enabling the rational design of more advanced
filtration and decomposition materials for broad-spectrum protection
against CWAs and other toxic industrial compounds requires a
sophisticated understanding of the chemical mechanisms behind CWA
sorption and degradation on the molecular scale.

We will present work detailing the mechanism of adsorption and
decomposition of dimethyl methylphosphonate (DMMP), a CWA simulant,
on polycrystalline copper oxide surfaces. Ambient-pressure XPS enables
examination of these surfaces and adsorbed species upon exposure to
DMMP and other common atmospheric gases, such as water vapor and
NOx. Multiple decomposition products are observed on CuOx surfaces, and
the oxidation state of the metal appears to influence the mechanistic
pathway. Complementary density functional theory (DFT) and in situ FTIR
studies corroborate our experimental findings and are used to propose
likely decomposition pathways. Exposure of the CuOy surfaces to water
vapor or NOx prior to introducing DMMP affects the decomposition
product distribution, but does not appear to significantly inhibit the initial
DMMP adsorption.

11:40am SS+HC-TuM-12 Atomic View of Acid Zeolite Chemistry: Surface
Chemistry Studies on 2D Silicate Materials, Jin-Hao Jhang, G Hutchings, C
Zhou, U Schwarz, E Altman, Yale University

Although zeolites have been used in facilitating numerous catalytic
reactions for decades, it is still a long-term challenge to understand how
surface properties of zeolites promote catalytic reactions. Recently, two-
dimensional (2D) silicate materials were discovered and prepared
successfully on different substrates, including transition metals and alloy.
This achievement makes surface science approaches possible for
understanding zeolite chemistry from an atomic view. In this work, we seek
to establish that 2D silicates are capable of promoting acid catalyzed
reactions in a manner analogous to 3D zeolites. The 2D silicates were
prepared on a Pd(111) substrate via physical vapor deposition (PVD) at
room temperature followed by annealing at 1000 K in an oxygen
background. The probe molecule 2-propylamine reacts through a
deammination process and produces propene on the 2D aluminosilicate
indicating the existence of acid sites capable of catalysis. In contrast, no
propene or other products were detected on the 2D silica surface. We also
generated atomic deuterium (D) on both silica and aluminosilicate by a D»-
plasma treatment and a D>-recombination feature at 540 K assigned to the
decomposition of surface OD groups was only observed from the
aluminosilicate sample. These findings show the similarity between the 2D
aluminosilicate and the acid zeolites which allows us to consider the 2D
material as a zeolite model to explore zeolite chemistry.

8:00 AM
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12:00pm SS+HC-TuM-13 Establishing Rules for Oriented SURMOF Growth
Beyond Template Effects, X Yu, University of Frankfurt, Germany;, J Zhuang,
Guizhou Normal University, P.R. China; Andreas Terfort, University of
Frankfurt, Germany

The surface deposition of metal-organic frameworks (MOFs) opens the
opportunity to use these highly designable materials for applications in
electronics, data storage, sensing or biointerfaces. Several protocols have
been reported to grow or attach MOFs onto a variety of surfaces, but
nevertheless, the bandwidth of successfully deposited MOFs is still
extremely limited: Besides the archetypical HKUST-1 and ZIF-5, only a
family of tetragonal layer systems (with or without pillars) could be grown
into well-defined SURMOF layers [1]. Although with some of these systems
impressive results for different devices, such as photovoltaic cells, have
been reported, the limitation to these classes of MOFs is unsatisfactory.

In this talk, we wish to discuss that the lack of success with other systems is
related to the fact that most projects relied solely on the well-established
surface-template effects, in which the coordination of surface-bound,
functional groups to the metal SBU defines not only the binding mode but
the orientation of the whole film. We will show that the rules on the
surface differ from the ones in solution by a reduced number of
trajectories, which in turn hamper certain reactions [2]. It is also of
importance to keep in mind the different surface energies of the crystal
surfaces, which can dictate a reorientation of the preformed system by
Ostwald ripening during the deposition process [3]. All these processes
involve different activation energies, the careful control of which opens the
opportunity to grow well-oriented films of MOF systems, which have
behaved notoriously difficult up to now.

References
[1] Zhuang, J.-L.; Terfort, A.; Woll, C. Coord. Chem. Rev. 307 (2016) 391-424.

[2] Zhuang, J.-L.; Kind, M.; Grytz, C. M.; Farr, F.; Diefenbach,M.;
Tussupbayev, S.; Holthausen, M. C.; Terfort, A. J. Am. Chem. Soc. 137 (2015)
8237-8243.

[3] Yu, X.-J.; Zhuang, J.-L.; Scherr,J.; Abu-Husein,T.; Terfort, A. Angew.
Chem. Int. Ed. 29 (2016) 8348-8352.

Sustainability Focus Topic
Room 5 & 6 - Session SU+AC+MI+MS-TuM

Critical Materials and Energy Sustainability
Moderators: Erik B. Svedberg, The National Academies, Robert Lad,
University of Maine

8:00am SU+AC+MI+MS-TuM-1 How Critical Materials Affect Emerging
Technologies, Alexander King, The Ames Laboratory INVITED
We live in a golden age for the development of technologies that have
potential for clean and efficient production, storage or use of energy.
Many, if not all of these technologies, however, depend on the properties
of specific materials that may have low availability, or produce
environmental challenges of their own during their production. We will
look at the impact of materials supply challenges on the adoption of some
recent clean energy technologies, consider possible impacts on some
emerging technologies, and describe what efforts must be undertaken to
ensure that fragile materials supply-chains do not prevent the adoption of
technologies that promote a sustainable energy future.

9:20am SU+AC+MI+MS-TuM-5 The Role of Oxidation and Charging Rates
on Li Electrochemical Deposition in Solid State Batteries, Alexander
Yulaev, University of Maryland; V Oleshko, NIST; P Haney, NIST Center for
Nanoscale Science and Technology, A Talin, Sandia National Laboratories;
M Leite, University of Maryland; A Kolmakov, NIST Center for Nanoscale
Science and Technology

The recent progress in all-solid-state Li-ion batteries (SSLIBs) allowed a
significant reduction of overall dimensions of stand-alone medical and
micro-electronic  devices. Owing to their compatibility with
microfabrication process, high specific power, energy densities, and
reduced safety risks of the thermal runaway, SSLIBs are likely to compete
with their liquid counterparts in the near future. However, the large-scale
implementation of SSLIBs requires further characterization during their
fabrication and operation. Particularly, spatially resolved in-operando
techniques probing electrochemical processes at the interfaces are needed.
In the present work, we quantify the effects of oxidizing environment and
charging rates on a lithium plating morphology using UHV electron
microscopy and spectroscopy in correlation with electrochemical
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characterization. To conduct these measurements, we fabricate a model
thin-film planar battery with LiCoO: cathode, LiPON electrolyte, and an
ultra-thin carbon anode. Our experimental data reveal a strong
dependence of plated Li morphology on presence of oxidation species at
the surface and a gas phase. Under UHV conditions a linear correlation
between the nucleation density of lithium clusters and a charging rate is
observed. We show that the 2D nucleation model adequately describes the
obtained dependence. The plated lithium morphology drastically changes
from the in-plane clusters to out-of-plane whisker growth when ~107 Pa of
oxygen is admitted to the UHV chamber. The in-plane cluster growth
resumes when oxygen pressure increases from 107 to 10 Pa. We envision
that our findings will contribute to whisker-free safer SSLIB performance
under realistic operating conditions.

9:40am SU+AC+MI+MS-TuM-6 Unique Super-lonicity Achieved on the
Nanoscale with Applications in Next-Generation Lithium lon Batteries,
Progna Banerjee, D Dumett Torres, P Jain, University of lllinois at Urbana-
Champaign

Lithium-ion (Li-ion) batteries have been dominating the global market for
consumer electronics and power vehicles. However, significant safety
concerns arise from degradation reactions (reduction/decomposition) of
the electrolyte during cycling, potentially causing dendrite formation
resulting in leakage and fires. A potential solution is the replacement of the
flammable organic electrolyte with an inorganic solid electrolyte with
superior electrochemical, mechanical and thermal stability, absence of
leakage, long shelf-life, enhanced electrochemical stability and the
possibility of battery miniaturization.

A promising candidate for these solid electrolytes are super—ionic
materials which exhibit high ionic conductivities matching those of liquid
electrolytes. In these materials, past a phase transition, one sub-lattice
(often the cationic) melts, resulting in a disordered cation network,
wherein cations can transport in a manner reminiscent of that of a liquid.
Known superionic materials, such as Agl, CusSe etc. in their bulk form,
display this phase transition at high temperatures and/or pressures,
making them unsuitable for many applications. In our recent study, we
examined Cu.Se nanocrystals (NCs) prepared from their magic-sized CdSe
counterparts using a synthetic topotactic method called cation exchange.
In these NCs, the superionic disordered “liquid-like” behavior was observed
under ambient conditions. Larger NCs prepared under similar conditions
interestingly display ordered layers of Cu* ions and vacancies similar to bulk
solid. We investigate the origin of this nanoscale effect using arguments
based on lattice strain, cationic occupancies obtained from crystallography,
and density functional theory (DFT) calculations.

We are extending this work to investigate the possible mechanism of ionic
transport in these NCs using a.c. impedance measurements. We are
investigating size and dimensionality effects on the transport behavior of
cations and the superionic phase transition. We will also investigate the
effect of cation vacancies in terms of their profile and density on the phase
transition behavior and ionic conductance. This study will pave the way to
fundamental understanding on ion transport behavior in solids, and
applications as solid-state electrolytes, thermoelectrics and ultrafast
electronic switches.

11:00am SU+AC+MI+MS-TuM-10 Electric Cell Potential Driving Changes in
Perovskite Surface Termination and Enabling Catalysis, Monika Backhaus,
Corning; L Gregoratti, M Amati, Elettra-Sincrotrone Trieste, Italy  INVITED
Dynamic segregation processes in perovskite electrodes have been studied
in operando in electrochemical model cells with thin zirconia electrolyte
and mixed perovskite catalyst by spatially resolved scanning photoelectron
microscopy (SPEM) in combination with impedance spectroscopy and gas
analysis in the goal to gain better understanding of electrode surface
chemistry and its key drivers. We focused on the oxygen reduction reaction
at perovskite electrodes and electrochemically driven reactions, such as
redox reactions in chemical reactors or sensors. The current overview
summarizes our synchrotron in-operando surface spectroscopy in various
technical areas.

Our electrochemical cells are built of a thin zirconia electrolyte and mixed
perovskite catalyst. They were studied by SPEM at the Elettra synchrotron.
The experimental set up allowed operating temperatures up to 700C,
mixtures of unreactive or reactive gases at chamber pressure up to 10
mbar and local pressure above the sample of 1mbar (gas jet).
Electrochemical measurements, such as monitoring of i-V behavior or
impedance were realized simultaneously.

The surface termination of (La,Sr)MnOs (LSM) electrodes was studied as a
function of cell potential, oxygen partial pressure and temperature. The
8:00 AM
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surface chemistry reversibly changed with applied potential, exhibiting Mn-
termination in highly oxygen-rich environment and increasing strontium
segregation in oxygen-poor environment and under reducing cell potential.
Cathode termination changed not only with applied cell potential, but also
with cell current. LSM cathode pump cells operating at high current
densities preserved an “oxygen-rich” surface chemistry under high cell
potential, while low current cells exhibited large changes in surface
chemistry.

The response of perovskite electrodes to reactive gas environment was
also investigated. Model cells with LSM electrodes were studied in oxygen-
propene gas mixtures at different cell potentials under oxygen flux at 400-
600°C. Oxygen ion flux and cell potential, both were found to drive dynamic
changes of catalyst and electrolyte surface chemistry, including redox
reaction, surface segregation and long range surface diffusion. Strongly
positive cell potential drove an interaction of hydrocarbon with the mixed
oxide catalyst surface, yielding adsorbed carboneous species with epoxy-
type bonding at a strongly Sr-enriched surface. The carboneous surface
complexes reversibly formed and decomposed with cell potential,
suggesting it to play the role of an intermediate in an oxide-electro-
catalyzed partial oxidation of propene.

11:40am SU+AC+MI+MS-TuM-12 Possibilities of Hydrogen Energy
Utilization in Kazakhstan: Preparation of TiCrMn Hydrogen Storage Alloys
and Investigation of Their Absorption Properties, Saule Zholdayakova, H
Uchida, Y Matsumura, Tokai University, Japan

The society of Kazakhstan has been becoming strongly dependent on fossil
fuels, which results in facing serious environmental problems. Kazakhstan is
a Central Asian country with rich natural resources, such as Mn, Cr and Ti
and energy self-sufficiency is 200% including exportation. Most of the
consumption is fossil resources, mainly dependent on coal. The power
configuration of Kazakhstan is 70% coal, 19% natural gas, 1% oil, and 10%
hydraulic power. With a background of rich production of fossil fuels,
Kazakhstan exports most of its oil and domestically dependent on coal. By
2020, Kazakhstan government planning to reduce the amount of green
house gas produces by 15% of that in 1992. For these reasons, the
development of renewable energy is significant. In this study we focus on
the application of hydrogen as an energy carrier for spreading renewable
energy, especially hydrogen energy to solve the environmental problems in
Kazakhstan. Hydrogen has more energy per unit of mass, flexible storage
options, and it is clean energy. Hydrogen can be stored as a gas, a liquid
and as a solid. The other side, for realization hydrogen energy system we
need to think more concretely about a manufacture of hydrogen, storage,
transportation and utilization. The main manufacture method for hydrogen
is electrolysis. The electricity consumption per capita is 5000 kWh/year. If
hydrogen energy become a conductor of energy, 1.13m3/year of water will
necessary to source of hydrogen. After utilizing renewable energy for
product hydrogen from water, storage, transport and change to electric
power. In the end of consumption, we get the same amount of water. In
this study, especially conditions necessary for the renewable energy in
Kazakhstan are summarized and trained to preparing hydrogen storage ally
using the metals of Mn, Cr and Ti available in Kazakhstan.

Thin Films Division
Room 20 - Session TF-TuM

Advanced CVD and ALD Processing, ALD Manufacturing

and Spatial-ALD
Moderators: Halil Akyildiz, Uludag University, Turkey, Paul Poodt, Holst
Centre / TNO

8:00am TF-TuM-1 Aluminum-Doped Zinc Oxide via Spatial ALD: Process
Impact on Film Morphology, Electrical Conductivity and Stability, S
Nelson, Lee Tutt, C Ellinger, Eastman Kodak Company

Aluminum-doped zinc oxide (AZO) is an attractive transparent conductive
material because of to its nontoxic, earth-abundant material composition.
A wide range of electrical properties have been reported for AZO deposited
using a variety of techniques and a range of process conditions. This talk
will focus on the AZO grown using spatial atomic layer deposition (SALD),
and the impact of process conditions on the electrical, optical and
crystallographic properties of the resultant AZO films. We will report
primarily on those AZO films deposited using a co-flow of dimethyl
aluminum isopropoxide (DMAI) and diethyl zinc (DEZ) as the metal
precursors, and water as the oxygen source.
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We will share our current understanding of the mechanisms responsible for
the interplay between process parameters and material properties,
including the correlation of film properties such as doping-level and
crystallographic structure to the end-use properties of conductivity and
optical transparency. For reference, we have deposited AZO having a bulk
resistivity of 2.7 x 10 Q-cm and an average visible transmission of 85%,
obtained from 204 nm thick AZO films deposited at 300°C. This compares
well to commercially available ITO coatings having, for example, about 1.2
x 10* Q-cm and 82% average visible transmission for film thicknesses
between 150 nm and 200 nm.

In addition, the impact of passivating the AZO surface with very thin
aluminum oxide (Al20s) will also be reported. We have found that
passivation with Al20s enhances conductivity through an increase in both
mobility and carrier concentration. Improved thermal stability during
elevated annealing conditions in air was also observed for alumina-
passivated AZO samples

8:20am TF-TuM-2 Fast Pulsing of Precursor and Reactant to Merge ALD
and CVD Processes: Example of Thick Al.Os Deposition, Fabien Piallat, L
Bonnet, J Vitiello, KOBUS, France

A specific pulsed-CVD reactor was developed for the chemically enhanced
deposition of materials. In this specific reactor, both reactant and precursor
can be pulsed or sent continuously to the deposition chamber. Thus, many
materials can be deposited by one of the three following methods, Atomic
Layer Deposition (ALD), Chemical Vapor Deposition (CVD) or pulsed-CVD.

In this presentation, an investigation of Al.Os deposition will be presented,
with detailed process comparison for each of the three techniques in order
to highlight the variability brought by the process on the material
properties. Al,Os deposition was done with TriMethylAluminium (TMA)
precursor and O in-situ plasma.

Influence of the pulse length on the deposition rate shows a gap between
the surface saturation growth mode of the ALD and the continuous growth
of the CVD. Starting with pulse length in the order of seconds, in the case of
the ALD mode, a reduction of the pulse length leads first to a reduction of
the growth rate, because the precursor does not have enough time to
adsorb at the sample surface to form a monolayer. Then, in a second time,
for pulse time in the order of hundreds milliseconds, there is an increase of
the growth rate, due to the change in the growth mode, from the surface
saturation to the continuous growth. Further reduction of the pulse length,
in the order of tens milliseconds, the growth can be assimilated to a CVD
growth, with properties similar to the one of material obtained in
continuous growth.

Additionally, extraction of the activation energy of the deposition reaction,
using the Arrhenius law from deposition at temperatur